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(57) Abstract 

The present invention relates to a novel class of sulfonamides which are aspartyl protease inhibitors, of formula (I). In one 
embodiment, this invention relates to a novel class of HIV aspartyl protease inhibitors characterized by specific structural and 
physicochemical features. This invention also relates to pharmaceutical compositions comprising these compounds. The com- 
pounds and pharmaceutical compositions of this invention are particularly well suited for inhibiting HIV-1 and HlV-2 protease 
activity and consequently, may be advantageously used as antiviral agents against the HIV-1 and HIV-2 viruses. This invention 
also relates 10 methods for inhibiting the activity of HIV aspartyl protease using the compounds of this invention and methods for 
screening compounds for anti-HIV activity. 
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SULFONAMIDE INHIBITORS OF HIV-ASPARTYL PROTEASE 



TECHNICAL FIELD OP T HE IMVgWTTOKr 
The present Invention relates to a novel 
class of sulfonamides which are aspartyl protease 
inhibitors. In one embodiment, this invention relates 
to a novel class of HIV aspartyl protease inhibitors 
characterized by specific structural and 
physicochemical features. This invention also relates 
to pharmaceutical compositions ctMi5)ri8ing these 
ccmpoxinds . The confounds and pharmaceutical 
conpositions of this invention are particularly well 
suited for inhibiting HIV-i and HIV- 2 protease activity 
and consequently, may be -advantageously used as anti- 
viral agents against the HIV- 1 and HIV- 2 viruses. This 
invention also relates to methods for inhibiting the 
activity of HIV aspartyl protease using the confounds 
of this invention and methods for screening confounds 
for anti-HIV activity. 

B&gTOBQTI ND QF THF INVKWTTQ W 

The humiui immunodeficiency virus ("HTV") is 
the causative agent for acquired immunodeficiency 
syndrome ("AmS") a disease characterized by the 
destruction of the immune system, particularly of CD4''' 
T- cells, with attendant susceptibility to opportunistic 
infections -- and its precursor AIDS -related coir5)lex 
("ARC") -- a syndrome characterized by symptoms such as 
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persistent generalized lyxnphadenopathy , fever and 
weight loss* 

As in the case of several other retroviruses, 
HIV encodes the production of a protease which carries 
5 out post- translational cleavage of precursor 

polypeptides in a process necessary for the formation 
of infectious virions (S. Crawford et al., "A Deletion 
Mutation in the 5' Part of the pol Gene of Moloney 
Murine Leukemia Virus Blocks Proteolytic Processing of 

10 the gag and pol Polyproteins", J. Virol. . 53, p. 899 
(1985)). These gene products include pqI . which 
encodes the virion RNA- dependent DMA polymerase 
(reverse transcriptase), an endonuclease, HIV protease, 
and gas* which encodes the core-proteins of the virion 

15 (H. Toh et al., "Close Structural Resexnbleuice Between 
Putative Polymerase of a Drosophila Transposable 
Genetic Element 17.6 and pol gene product of Moloney 
Murine Leukemia Virus", EMBO J, . 4, p. 1267 (1985); 
L.H. Pearl et al. , "A Structural Model for the 

20 Retroviral Proteases". Nature , pp. 329-351 (1987) ; M.D. 
Power et al.^ "Nucleotide Sequence of SRV-1, a Type D 
Simian Acquired Immune Deficiency Syndrome Retrovirus", 
gqiei)Ce, 231, p. 1567 (1986)). 

A number of synthetic anti -viral agents have 

25 been designed to target various stages in the 

replication cycle of HIV. These agents include, 
compounds which block viral binding to CD4 T- 
lymphocytes (for example, soluble CD4) , and compounds 
which interfere with viral replication by inhibiting 

30 viral reverse transcriptase (for example, didanosine 

and zidovudine (A2T) ) and inhibit integration of viral 
DNA into cellular DNA (M.S. Hirsh and R.T. D'Aqulia, 
"Therapy for Human Immunodeficiency Virus Infection", 
N.Eno.J.Mf^d- . 328, p. 1686 (1993)). However, such 

35 agents, which are directed primarily to early stages of 
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viral replication, do not prevent the production of 
infectious virions in chronically infected cells. 
Purtherroore, administration of some of these agents in 
effective amounts has led to cell -toxicity and unwanted 
5 side effects, such as euiemia emd bone marrow 
suppression. 

More recently, the focus of ant i -viral drug 
design has been to create conipounds which inhibit the 
formation of infectious virions by interfering with the 

10 processing of viral polyprotein precursors. Processing 
of these precursor proteins requires the action of 
virus -encoded proteases which are essential for 
replication (Kohl, N.E. et al. "Active HIV Protease is 
Required for Viral Inf ectivity" Proc, Natl, Acad, Sci, 

15 IIS&, 85, p. 4686 (1988)). The anti -viral potential of 
HIV protease inhibition has been demonstrated using 
peptidal inhibitors. Such peptidal compounds, however, 
are typically large and con?)lex molecules that tend to 
exhibit poor bioavaileibility and are not generally 

20 consistent with oral administration. Accordingly, the 
need still exists for compounds that can effectively 
inhibit the action of viral proteases, for use as 
agents for preventing and treating chronic and acute 
viral infections. 

25 SUMMARY OF THE TNVEWTTOK 

The present invention provides a novel class 
of compounds, and pharmaceutically acceptable 
derivatives thereof, that are useful as inhibitors of 
aspartyl proteases, in particular, HIV aspartyl 
30 protease. These compounds can be used alone or in 
combination with other therapeutic or prophylactic 
agents, such as anti-virals, antibiotics, 
imtminomodulators or vaccines, for the treatment or 
prophylaxis of viral infection. 
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According to a preferred embodiment , the 
confounds of this invention are capable of inhibiting 
HIV viral replication in human CD^* T- cells. These 
compounds are useful as therapeutic and prophylactic 
agents to treat or prevent infection by Hiv-i and 
related viruses which may result in asyn?)tomatic 
infection, AIDS -related complex ("ARC"), acquired 
immunodeficiency syndrome ("AIDS"), or similar disease 
of the immune system. 

It is a principal object of this invention to 
provide a novel class of sulfonamides which are 
aspartyl protease inhibitors, and particularly, HIV 
aspartyl protease inhibitors. This novel class of 
sulfonamides is represented by formula I: 



A— (B),r»j>-CH-^H-CH2-N— SOj-E 
H OH D* 

(I) 



wherein: 

A is selected f rcon the group consisting of H; 
Het; -R^-Het; -R^-C^-Cg alJcyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, q-C^ alkoxy, Het, -0- 
Het, -Nr2-co-N(r2) (r2) and -CO-N (R^) (r2) . and -R^-Cj^Cg 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
hydroxy, q-C^ alkoxy, Het, -O-Het, -m^-CO-NlR^) (R^) 
25 and -C0-N(r2) (r2) ; 

each is independently selected from the 
group consisting of -0(0)-, -8(0)2-, -C(0)-C(0)-, -0- 
C(0)-, -0-S(0)2, -Nr2-S{0)2-. -Nr2-C(0)- and -mc'-c^o)- 
C(0)-; 



wo 94/05639 



PCT/US93/084S8 



15 



20 



each Het is independently selected from the 
group consisting of C3-C, cycloalkyl; C5-C, 
cycloalkenyl; C^-C^^ aryl; and 5-7 menbered saturated or 
iinsaturated heterocycle, containing one or more 
5 heteroatoms selected from N, N(r2), 0, S and S(0)„, 

wherein said heterocycle may optionally be benzofused; 
and wherein any member of said Het may be optionally 
substituted with one or more substituents selected from 
the group consisting of 0x0, -OR^, -R^, -N(R^) (R*) , 
10 -r2.0H, -CN, -COjR^, -C(0)-N(r2) (r2), -S (0) ^-NCR^) ('r2) , 
-N(r2)-C(0)-R2, -C{0)-r2, -S(0)^-r2, .QCFg. -S(0)„-Ar. 
methylenedioxy, -N(r2).s(0)2(r2), halo. -CP3, -No", Ar 
amd -0-Ar; 

each R* is independently selected from the 
group consisting of H and C^-Cg alkyl optionally 
substituted with Ar; 

B. when present, is -N{r2) -c(r3) (r3) -c(0) - ; 
X is 0 or 1; 

each R is independently selected from the 
group consisting of H, Het. q-Cg alkyl. c^-C, alkenyl. 
Cg-Cg cycloalkyl and Cg-Cg cycloalkenyl, wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^, .C(0)-NH-r2, -S(0) - 
25 N(r2)(r2), Het. -CN. -SR^ -CO^R^, NR^-CCO-R^; " 

each n is independently 1 or 2; 
D and D" are independently selected from the 
group consisting of Ar; q-C^ alkyl. which may be 
optionally substituted with one or more groups selected 
30 from Cg-Cg cycloalkyl, -OR^. -R^, -o-Ar and Ar; C^-C^ 
alkenyl. which may be optionally substituted with one 
or more groups selected from the group consisting of 
C3-C5 cycloalkyl. -OR^. -r3, .o-at and Ar; Cg-Cg 
cycloalkyl, which may be optionally substituted with or 
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fused with Ar; and Cg-Cg cycloalkenyl, which may be 
optionally substituted with or fused with Ar; 

each Ar is independently selected from the 
group consisting of phenyl; 3-6 membered carbocyclic 
5 ring and 5-6 membered heterocyclic ring containing one 
or more heteroatoms selected from 0, N, S, S(0)^ and 
N{R^), wherein said carbocyclic or heterocyclic ring 
may be saturated or unsaturated and optionally 
substituted with one or more groups selected from the 
10 group consisting of oxo, -OR^, -R^, -N{R^) (R^), -N(R^)- 
C{0)-R^, -R^-OH, -CN, -COjR^, -C (0) -N (R^) (R^) , halo and 
-CF3; ' 

E is selected from the group consisting of 
Het; 0-Het; Het-Het? -0-R^; -NR^R^; C^-Cg alkyl, which 

15 may be optionally substituted with one or more groups 
selected from the group consisting of R* and Het; C^-Cg 
alkenyl, which may be optionally substituted with oxxe 
or more groups selected from the group consisting of R^ 
and Het; Cj-Cg. saturated carbocycle, which may 

20 optionally be substituted with one or more groups 

selected from the group consisting of R* and Het; and 
Cg-Cg unsaturated carbocycle, which may optionally be 
STibstituted with one or more -groups selected from the 
group consisting of R* and Het; and 

25 each R* is independently selected from the 

group consisting of -OR^, -C(0)-NHR^, -S{0)2-NHR^, halo, 
-NR^-C(0)-R^ and -CN. 

It is a also an object of this invention to 
provide pharmaceutical compositions comprising the 

30 sulfonamides of formula I and methods for their use as 
inhibitors of HIV aspartyl protease. 

It is a further object of this invention to 
provide a novel class of HIV aspartyl protease 
inhibitor compounds characterized by the following 
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novel combination of structural and physicochemical 
features: 

(1) a first and a second hydrogen bond 
acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
molecule of an HIV aspartyl protease when the conqpoxind 
is bound thereto; 

(2) substcmtially hydrophobic moieties which 
associate with the and binding pockets of said 
HIV aspartyl protease when the con5>ound is bound 
thereto; 

(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or acceptor, 
capable of simultaneously hydrogen bonding to Asp25 auid 
Asp25' of said HIV aspartyl protease when the conpound 
is bound thereto; 

(4) an additional occupied volume of space 
of at least 100 when the con5>ound is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
compound to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and 

(6) a neutral or favorable enthaipic 
contribution from the sum of all electrostatic 
interactions between the compound and the protease when 
the compound is bound to said HIV aspartyl protease. 

It is also an object of this invention to 
provide pharmaceutical compositions comprising 
coitipounds having the above-mentioned features and 
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methods for their use as inhibitors of HIV aspartyl 
protease. 

It is a further object of this invention to 
provide a method for identification, design, or 
5 prediction of HIV aspartyl protease inhibitors 
con5)rising the steps of: 

(a) selecting a candidate compound of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety, at least one of 

10 which is more highly polarizable than a carbonyl, said 
moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 

15 (b) determining a low-energy 

conformation for binding of said compotind to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 

20 form hydrogen bonds to the flap water molecule of said 
HIV aspartyl protease when said compound is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substantially hydrophobic moieties to associate with 

25 the Pj^ and P^^' binding pockets of said HIV aspartyl 
protease when said compoxmd is bound thereto in said 
conformation; 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 

30 Asp25 and Asp2S' of said HIV aspartyl protease when 
said compound is bound thereto in said conformation; 

(f ) evaluating the overlap of the 
occupied volume of said compound when said compound is 
bound to said HIV aspartyl protease in said 

35 conformation and the occupied volume of a native 



sxibstrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said compound to said HIV aspartyl 
protease; 

(h) evaluating the enthalpic 
contribution of the evxa of all electrostatic 
interactions between said con5>ound and said HIV 
aspartyl protease when said compound is bound thereto 
in said conformation; and 

(i) accepting or rejecting said 
candidate compound as an HIV protease inhbitor based 
upon the determinations and evaluations carried out in 
steps (b) through (h) . 

BRIEF DES CRIPTION OF THE DRAWJ M^fi 

Figure 1 depicts a stereo drawing of a low- 
energy conformation of Compound 140, as predicted by 
computer-modelling . 

Figure 2 depicts a stereo drawing of the 
actual crystal structure of Compound 140, as observed 
by X-ray crystallography. 

Figure 3 depicts a stereo drawing of the 
correlation between the predicted (thin line) and 
observed (thick line) conforroation of Conpound 140. 

DETAILED DESCRIPTION OF THE INVENTION 
In order that the invention herein described 
may be more fully understood, the following detailed 
description is set forth. In the description, the 
following abbreviations are used: 

P^pj.qnat:jLQn Reaoent or Frag mpnt 
Ac acetyl 
Me methyl 
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10 



15 



20 



25 



30 



35 



Et ethyl 

Bzl benzyl 

Trityl triphenylmethyl 

Asn D- or L-asparagine 

lie D- or L-isoleucine 

Phe D- or L- phenylalanine 

Val D- or L- valine 

Boc tert-butoxycarbonyl 

Cbz benzyl oxycarbonyl (carbobenzyloxy) 

Fmoc 9-£luorenylmethoxycarbonyl 

DCC dicyclohexylcarbodiimide 

Die diisopropylcarbodiimide 

EDC 1 - { 3 - dimethylaminopropyl ) - 3 - 

ethyl carbodiimide hydrochloride 

HOBt 1-hydroxybenzotriazole 

HOSu 1-hydroxysucciniitiide 

TFA trif luoroacetic acid 

DIEA diisopropylethylcimine 

DBU 1, 8-diazabicyclo(5.4i0)imdec-7-ene 

EtOAc ethyl acetate 

The following terms are employed herein: 
Unless eaqpressly stated to the contrary, the 
terms "-SO^-" and "-SCO)^-" as used herein refer to a 
sulfone or sulfone derivative (i.e., both appended 
groups linked to the S) , and not a sulfinate ester. 

For the coxnpounds of formula I, and 
intermediates thereof, the stereochemistry of the 
eacplicitly shown hydroxyl is defined relative- to D on. 
the adjacent carbon atom, when the molecule is drawn in 
an extended zig-zag representation (such as that drawn 
for compounds of formula XI, XV, XXII, XXIII and XXXI) . 
If both OH and D reside on the same side of the plane 
defined by the extended backbone of the compound, the 
stereochemistry of the hydroxyl will be referred to as 
"syn". If OH and D reside on opposite sides of that 
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plane, the stereochemistry of the hydroaqrl will be 
referred to as "anti". 

The term "heterocyclic" refers to a stable 5- 
7 membered monocycle or 8-11 membered bicyclic 
heterocycle which is either saturated or unsaturated, 
and which may be optionally benzofused if monocyclic. 
Each heterocycle consists of carbon atoms and from one 
to four heteroatoms selected from the group consisting 
of nitrogen, oxygen and sulfur. As used herein, the 
terms "nitrogen and sulfur heteroatoms" include any 
oxidized form of nitrogen and sulfur, and the 
quatemized form of any basic nitrogen. The 
heterocyclic ring may be attached by any heterbatom of 
the cycle which results in the creation of a stcQjle 
structure. Preferred heterocycles defined above 
include, for example, benzimidazolyl, imidazolyl, 
imidazolinoyl, imidazolidinyl , quinolyl, isoguinolyl, 
indolyl, pyridyl , pyrrolyl , pyrrolinyl, pyrazolyl, 
pyrazinyl, quinoxolyl, piperidinyl, morpholinyl, 
thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl, 
fi-carbolinyl, tetrazolyl, thiazolidinyl, benzof uanoyl , 
thiamorpholinyl sulfone, benzoxazolyl , oxopiperidinyl , 
oxopyrroldinyl , oxoazepinyl, azepinyl, isoxazolyl, 
tetrahydropyranyl , tetrahydrof uranyl , thiadiazoyl, 
benzodioxolyl, thiophenyl, tetrahydrothiophenyl and 
sulfolanyl. 

The terms "HIV protease" and "HIV aspartyl 
protease" are used interchangeably and refer to the 
aspartyl protease encoded by the hviman immunodeficiency 
virus type 1 or 2, In a preferred embodiment of this 
invention, these terms refer to the human 
immunodeficiency virus type i aspartyl protease. 

The term "hydrophobic" refers to a moiety 
which tends not to dissolve readily in water and is 
often fat -soluble. Hydrophobic moieties include, but 
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are not limited to, hydrocarbons, such as alkanes, 
alkenes, alkynes, cycloalkanes, cycloalkenes, 
cycloalkynes and aromatic hydrocarbons, such as aryls, 
certain saturated and unsaturated heterocydes and 
5 moieties that are substantially similar to the side 
chains of hydrophobic natural and unnatural a- amino 
acids, including valine, leucine, isoleucine, 
methionine, phenylalanine, a* amino isobutyric acid, 
alloisoleucine, tyrosine, and tryptophan. 

10 The term "substantially hydrophobic" refers 

to a hydrophobic moiety which may optionally contain 
polar atoms or groups in the region of the moiety which 
are solvent exposed when the compound is bound in the 
active site of an aspartyl protease. 

15 The term "linker moiety" refers to a group 

within a conpound, said group consisting of a backbone 
of 1-6 atoms selected from the group consisting of C, 
N, 0, S and P, said backbone being substituted with, 
fused to or otherwise associated with a substantially 

20 hydrophobic group capable of associating with the P^^ or 
Pj^' binding pocket of an HIV aspartyl protease when 
said conqpound is bound thereto. In alternative 
embodiments of this invention, such linker moieties may 
optionally be substituted with a group or groups which 

25 occupy a volume of space overlapping with the volume of 
space that would be filled by a native substrate of HIV 
aspartyl protease or a nonhydrolyzable isostere 
thereof . 

The term "more highly polarizable than a 
30 carbonyl" refers to a moiety having a polarizability 
(a) greater than that of a carbonyl group of a 
corresponding aldehyde, ketone, ester or amide moiety. 

The term "pharmaceutically effective amount" 
refers to an amount effective in treating HIV infection 
35 in a patient. The term "prophylactically effective 
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amount" refers to an amount effective in preventing HIV 
infection in a patient. As used herein, the tenn 
"patient" refers to a mammal, including a hxaman. 

The term "pharmaceutically acceptable carrier 
5 or adjuvant" refers to a non- toxic carrier or adjuvant 
that may be administered to a patient, together with a 
compound of this invention, and which does not destroy 
the pharmacological activity thereof. 

As used herein, the confounds of this 

10 invention, including the compounds of formula I, are 
defined to include pharmaceutically acceptable 
derivatives thereof. A "pharmaceutically acceptable 
derivative" means any pharmaceutically acceptable salt, 
ester, or salt of such ester, of a compound of thisi 

15 invention or any other conpound which, upon 

administration to a recipient, is capable of providing 
(directly or indirectly) a compound of this invention 
or an anti-virally active metabolite or residue 
thereof. 

2-0 Pharmaceutically acceptable salts of the 

conqpounds of this invention include those derived from 
pharmaceutically acceptable inorganic and organic acids 
and bases. Bxaxiples of suitable acids include 
hydrochloric, hydrobromic, sulfuric, nitric, 

25 perchloric, fxamaric, maleic, phosphoric, glycollic, 
lactic, salicylic, succinic, toluene -p- sulfonic, 
tartaric, acetic, citric, methanesulf onic, formic, 
benzoic, malonic, naphthalene- 2 -sulfonic and 
benzenesulfonic acids. Other acids, such as oxalic, 

30 while not in themselves pharmaceutically acceptable; 

may be employed in the preparation of salts useful as 
intermediates in obtaining the compounds of the 
invention and their pharmaceutically acceptable acid 
addition salts. 
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Salts derived from appropriate bases include 
alkali metal (e.g., sodixun) , allcaline earth metal 
(e.g., magnesiiim) , ammoniiam and N- (C^.^ alkyl)4* salts. 
The term "thiocarbamates" refers to com- 
5 pounds containing the functional group N-S02*0. 

The coxiqpounds of this invention contain one 
or more asymmetric carbon atoms and thus occur as 
racemates and racemic mixtures, single enantiomers, 
diastereomeric mixtures and individual diastereomers. 

10 All such isomeric forms of these compounds are 

expressly included in the present invention. Each 
stereogenic carbon may be of the R or S configuration. 
The explicitly shown hydroxyl is also preferred to be 
syn to D, in the extended zig-zag conformation between 

15 the nitrogens shown in compounds of formula I. 

Combinations of substituents suid variables 
envisioned by this invention are only those that result 
in the formation of stable compounds. The term 
"stable", as used herein, refers to compounds which 

20 possess stability sufficient to allow manufacture and 

administration to a mammal by methods known in the art. . 
Typically, such compotinds are stable at a temperature 
of 40**C or less, in the absence of moisture or other 
chemically reactive conditions, for at least a week. 

25 The compounds of the present invention may be 

used in the form of salts derived from inorganic or 
organic acids. Included among such acid salts, for 
exaii5)le, are the following: acetate, adipate, 
alginate, aspartate, benzoate, benzenesulf onate, 

30 bisulfate, butyrate, citrate, camphorate, camph- 
orsulf onate , cyclopentanepropionate , digluconate , 
dodecylsulf ate, ethanesulf onate, fumarate, glucohepta- 
noate, glycerophosphate, hemisulfate, heptanoate, hexa- 
noate, hydrochloride, hydrobromide , hydroiodide, 2- 

35 hydroxyethanesulf onate, lactate, maleate,* 
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methanesulfoaate, 2-naphthalenesulfonat(e, nicotinate, 
(aealate, pamoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, prppiohate, 
succinate, tartrate, thiocyamate , tosylate and 
5 iindecemoate . 

This invention also envisions the 
guatemization of any basic nitrogen- containing groups 
of the. contpoimds disclosed herein. The basic nitrogen 
can be quatemized with any agents known to those of 
10 ordinary skill in the art including, for example, lower 
alkyl halides, such as methyl, ethyl, propyl and butyl 
chloride, bromides and iodides; dialkyl sulfates 
including dimethyl, diethyl, dibutyl and diamyl 
sulfates; long chain halides such as decyl, lauryl, 
.15 myristyl and stearyl chlorides, bromides and iodides; 
and aralkyl halides including benzyl and phenethyl 
bromides. Water or oil -soluble or dispersible products 
may be obtained by such quatemization. 

The novel sulfonamides of this invention are 
20 those of formula I; 



? 

A— (BJ)rl|l-CH— CH-CH2-N— Sp2-E 
H OH D* 

(I) 



wherein; 



A is selected from the group consisting of H; 
Het; -R^-Het; -R^-q-Cg alkyl, which may be optionally 
25 substituted with one or more groups selected from the 
group consisting of hydroxy, q-c^ alkoxy, Het, -0- 
/ Het, -Nr2-CO-N(r2) {r2) and -C0-N(r2) (r2) . and -R^-Cj-C^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
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hydroxy, C^-C^ alkoxy, Het, -O-Het, -NR^-CO-N(R^) (R ) 
and -CO-N(R^) (R^) ; 

each R^ is independently selected from the 
group consisting of -C(0)-, -SiO)^-, -C(0)-C(0)-, -6- 
5 C(0)-, -0-8(0)2, -NR^-S(0)2-, -NR^-C(O)- and -NR^-G(O)- 
C(0)-; 

each Het is independently selected from the 
group consisting of Cj-C^ cycloalkyl; Cg-C^ 
cycloalkenyl ; C^-Cj^q aryl; and 5-7 metribered saturated or 

10 unsaturated heterocycle, containing one or more 

heteroatoms selected from N(R^) , 0, S and 8(0)^, 
wherein said heterocycle may optionally be benzofused; 
cind wherein any member of said Het may be optionally 
substituted with one or more substituents selected from 

15 the group consisting of oxo, -OR^, -R^, -N(R^){R^), 

-R^-OH, -CN, -COjR^, -C(0) -N(R^) (R^) , -S (0) ^-N (R^) (R^) , 
-N(R^)-C(0)-R2, -C(0)-R^, -S(0)^-R^, -OCF3, -S(0)^-Ar, 
methylenedioxy, -N(R^)-S(0)2{R^), halo, -CF3, -NO2, Ar 
and -0-Ar; 

20 each R^ is independently selected from the 

group consisting of H and ^^^^ optionally 

substituted with Ar; 

B, when present, is -N(R^) -C(R^) (R^) -C(0) - ; 

X is 0 or 1; 

25 each R^ is independently selected frcon the 

group consisting of H, Het, C^^'C^ allcyl, C2'C^ alkenyl, 
Gj-Cg cycloalkyl and C^-Cg cycloalkenyl, wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 

30 the group consisting of -OR^, -C(0)-NH-R^, 'StO^^- 
N(R^)(R^), Het, -CN, -SR^, -COjR^, NR^-C(0)-R^; 
each n is independently 1 or 2; 
D and D' are independently selected from the 
group consisting of Ar; C^^-C^ alkyl, which may be 
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optionally substituted witl: one or more groups selected 
from Cg-Cg cycloalkyl, -OR., -R^, -0-Ar and Ar; C^-C^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
5 Cj-Cg cycloalkyl, -OR^, -R^ -O-Ar and Ar; Cj-Cg 

cycloalkyl, which may be optionally substituted with or 
fused with Ar; and Cg-C- cycloalkenyl, which may be 
optionally substituted with or fused with Ar; 

each Ar is independently selected from the 

10 group consisting of phenyl; 3-6 merobered carbocyclic 

ring and 5-6 memberer. heterocyclic ring containing one 
or more heteroatoms selected from O, N, S, S(0) and 
N(R ) , wherein said carbocyclic or heterocyclic ring 
may be saturated or unsaturated and optionally 

15 substituted with one or more groups selected from the 
group consisting of oxo, -OR^ -R^, -N(r2)(R^), -N(r2)- 
C(0)-R^, -R^-OH, -CN, .COjR^, -C (0) .N(R^) (R^) , halo and 
-CF3; 

E is selected from the group consisting of 
20 Het; 0-Het; H^rt-Het; -O-R^; -NrV; q-Cg alkyl/ which 
may be optiorally substituted with one or more groups 
selected fro a the group consisting of R* and Het; C^-C^ 
alkenyl, wh,ch may be optionally substituted with one 
or more grc.ups selected from the group consisting of R* 
25 and Het; Cj-Cg saturated carbocycle, which may 

optionally be substituted with one or more groups 
selected from the group consisting of R* and Het; and 
Cg-Cg unsaturated carbocycle, which may optionally be 
substitated with one or more groups selected from the 
30 group consisting of R^ and Het; and 

each R* is independently selected from the 
group consisting of -OR^, -C(0)-NHr2, -S(0)2-NHR^, halo, 
-NR^ 2(0) -R^ and -CN. 
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Except where expressly provided to the 
contrary, as used herein, the definitions of variables 
A, R^-R^, Het, B, X, n, D, D', Ar and E are to be taken 
as they are defined above for the compounds of formula 
5 1. 

According to one embodiment of this 
invention, a sxibclass of compounds are those compounds 
of formula I, cind pharmaceutically acceptable salts 
thereof, wherein: 

10 A is selected from the group consisting of H; 

-R^-Het; -R^-Cj^-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, C^^-C^ alkoxy, Het and -O- 
Het; and -R^-Cj-Cg alkenyl, which may be optionally 

15 substituted with one or more groups selected from 
hydroxy, Cj^-C^ alkoxy, Het and -0-Het; 

each R^ is independently selected from the 
group consisting of -C(0)-, -SCO)^-* -C(0)-C(0)-, 
-0-C0-, -0-8(0)2" and -NR^-SCO)^-; 

20 each Het is independently selected from the 

group consisting of CyC^ cycloalkyl; Cg-C^ 
cycloalkenyl ; C^-C^o ^''^ membered saturated or 

unsaturated heterocycle, containing one or more 
heteroatoms selected from N, 0 and S, which may 

25 optionally be benzofused; wherein any member of said 
Het may be optionally substituted with one or more 
substituents selected from the group consisting of oxo, 
-OR^, -R^, -N(R^)2, -R^-OH, -CN, -CO^R^, -C(0)-N(R^)2 and 
.S(0)2-N(R^)2; 

30 each R^ is independently selected from the 

group consisting of H and C^-C^ alkyl; 

B, when present, is -NH-CH(R^) -C(0) - ; 
X is 0 or 1; 
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R IS selected from the group consisting of 
Het, Cj-Cg alkyl, C^-Cg alkenyl, CyC^ cycloalkyl and 
Cs-Cg cycloalkenyl , wherein any meinber of said may be 
optionally substituted with one or more substituents 
5 selected from the group consisting of -OR^, . -C(0) -NH- 
R^, -S(0)^-N(R^)2, Het and -Of; 

n is 1 or 2; 

D and D' are independently selected from the 
group consisting of Ar; C^-C^ alkyl, which may be 

10 optionally substituted with Cg-Cg cycloalkyl or Ar; C^- 
alkenyl, which may be optionally substituted with C3- 
Cg cycloalkyl or Ar; C3-Cg cycloalkyl, which may be 
optionally substituted or fused with Ar; and C.-C^ 
cycloalkenyl, which may be optionally siibstituted or 

15 fused with Ar; with the proviso that when D is attached 
to N, D may not be methyl or alkenyl; 

Ar is selected from the group consisting of 
phenyl; 3-6 membered carbocyclic ring and 5-6 membered 
heterocyclic ring containing one or more heteroatoms 

20 selected from 0, N and S, wherein said carbocyclic or 
heterocyclic ring may be' saturated or xinsaturated and 
optionally substituted with one or more groups selected 
from the group consisting of 0x0, -OR^, -R^, -N(R^)2, - 
N(r2)-C(0)R^, .R^.OH, -CN, -COjR^, 'C(O) -liiR^) halo 

25 and -CF3; 

E is selected from the group consisting of 
Het; -0-R^; -NR^R^; c^-Cg alkyl, which may be optionally 
substituted with one or more R* or Het; Cj-Cg alkenyl, 
which may be optionally substituted with one or more R* 
30 or Het; Cg-Cg saturated carbocycle, which may optionally 
be substituted with one or more R* or Het; and C.-C-. 

5 6 

xinsaturated carbocycle, which may optionally be 
substituted with one or more R^ or Het ; 
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each is Independently selected from the 
group consisting of -OR^, -C(0) -NHR^, -S (0)2-NHR^, halo 
cmd and 

each R^ is independently selected from the 
group consisting of H and R^, with the proviso that at 
least one R^ is not H. 

A preferred subclass of confounds of this 
invention are those conpoxinds of f onmila I having a 
molecular weight of less than about 700 g/mole. More 
preferably; the subclass of compounds of formula I have 
a molecular weight of less than about 600 g/mole. 

Other preferred sxibclasses of this invention 
are those coir5)ounds of formulas XXII, XXIII and XXXI: 




(XXII } 



o 



(XXIIl) 




(XXXI) 



wo 94/05639 



PCT/US93/08458 



- 21 - 

wherein A, R^, Het, D, D', x and E are as defined above 
for conpounds of formula I. For ease of reference, the 
two moieties present in formula XXXI have been 
labeled R^ and R^'. 
5 For compounds of formula XXII, most preferred 

conqpoimds are those wherein A is R^-Het and D' is C^ C^ 
alkyl or C3 alkenyl, wherein said alkyl or alkenyl may 
optionally be substituted with one or more groups 
selected from the group consisting of Cg-Cg 

10 cycloalkyl, -OR^, -O-Ar and Ar (with all other 

variables being defined as above for coitpounds of 
forxmila I) . For coiT5>oimds of formula XXIII, most 
preferred coit^jounds are those wherein R^ is C^^-Cg alkyl, 
C^-Cg alkenyl, C^-Cg cycloalkyl, C^-Cg cycloalkenyl or a 

15 5-6 membered saturated or unsaturated heterocycle, 
wherein any member of said R^ may be optionally 
stibstituted with one or more substituents selected from 
the group consisting of -OR^, -C(0)-NH-R^, - 
S(0)^N(r2) (R^), Het, -CN, -SR^ -CCOjR^ and Nr2.C(0). 

20 R^ and D' is q-Cj alkyl or C3 alkenyl, wherein said 

alkyl or alkenyl may optionally be substituted with one 
or more groups selected from the group consisting of 
Ca-Cg cycloalkyl, -OR^, -0-Ar and Ar (with all other 
variables being defined as above for coirqpounds of 

25 formula I) , 

For compounds of formula XXXI, most preferred 
compoxmds are those wherein A is R^-Het, each R^ is 
independently C^-C^ alkyl which may be optionally 
sxibstituted with a substituent selected from the group 

30 consisting of -OR^, -C(0)>NH-R^, -S {O)^N(R^) (R^) , Het, - 
CN, -SR^, -COjR^ and -NR^-C (0) -R^; D' is C^-C^ alkyl, 
which may be optionally substituted with a group 
selected from the group consisting of C^-Cg 
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cycloalkyl, -OR^, -0-Ar; emd E is Het, Het-Het and 

Sulfonamides of this inviention include the 
following specific compounds contained in Tables I -VI. 
5 in Tables I -IV and VI, A is attached through the right- 
most bond, unless otherwise es^ressly noted. All other,, 
substituents in Tables I -VI are attached via the left- 
most bond, unless otherwise expressly noted. 
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TABLE I 
R3 oh D* 



compound: 




R3 






1 




. X 




-o 


2 








-Cr ■ 

NHCOCH3 


3 




O 
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4 




o 




CF3 


5 




o 




.Sv^HCOCH, 
CHj 


6 




O 




>^ 


7 




O 

^CH2''''^H2 




CO2H 


8 




O 




CH3 


9 




O 
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10 




o 




SOjNHj 


1] 




^ o 




CH3 

— N 

CH3 


12 




o 


CH3 
-CH2 




13 




O 


CH3 
/-CH3 
-CH2 




14 




O 


CH3 
-CH2 




15 




O 


CH3 
)— CH3 


NHCOCHs 
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16 




o 


CHa 
-CH2 


NHCOCH3 


17 




o 

'^CH2''^NH2 


-CH2 


— NHCOCH3 


18 




O 


CHa 
/-CHa 
-CH2 


CH, 


19 




O 

X 


CHa 
/-CHa 
-CH2 


NHCOCHj 


20 




O 

^CH2'''''^H2 


CHa 
/-CHa 
-Ch^ 




21 




O 


CHa 

/-CHa 
-CH^ 


CH3 

— N 

CH3 
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22 


H o 

CFaCOOr 


CH3 


CH3 

/-CH3 
-CH2 


^~y-WHC0CH3 


23 


CFaCOOT 


CH3 


- CH3 
-CHj 


NHCOCH3 


24 


H O 

CP3C00* 


CH3 
^CHs 


CH3 
-CH2 


CH3 

— H 


25 


H 

CF^OGT I 


CH3 
>^CH3 


CH3 

/-CH3 
-CH2 




26 


H 0 

CF3C00* 


CH3 
^CH3 


CH3 
-CH2 
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TABLE II 



A' 



NH 



OH D* 

I 



SO2 




CX)MPOIIND 


A 






27 


0 


/-CH3 
-CH2 




28 


0 


CH3 

CH3 

-CHj 


MHCOCH, 


29 


0 


CH3 

-ci4 


NHCOCH, 
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30 


9^x 

o 


CH3 


— NHC0CH3 


31 


rrV 


CH3 
-CHj 


— NHC0CH3 


32 


■ 0 


^— CH3 
-CH2 




33 




CH3 

-CH2 


NHCCJCHa 


34 


0 


/-CH3 
-CHj 


NHCOCH3 


35 




CH3 

-CH2 
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36 




-CH2 


— WHCOCHg 


37 




CH3 

-CHj 


CI 


38 




-CH2 




39 




CH3 
-CH2 


— NHCCXiHa 


40 


0 

H 0 


CH3 

-CH2 


— ^^^NHCOCHj 


41 


H 0 

1 0 


CH3 

/-CH3 
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42 


O 

O 


CH3 


NHCOCHt 


43 


0 


/--CHa 


— NHCOCf^ 


44 . 




CHa 


— NHCOCH3 


45 




-CH2 




46 


• 0 


CH3 

)--CH3 
-CH2 


CH3 


47 


' 0 


CH3 

/-CH3 
-CH2 
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48 


\ — 1 0 


-CHj 




49 


>rv 

0 


-CH2 


F 


50 


>rv 

1 0 


/-CH3 
-CH2 


F 


51 


■err 


CH3 
/-CH3 




52 


■chr 


CH3 

-CH2 




53 




CH3 

/-CH3 


NHCOCH3 

CI 
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54 


>rv 

1 0 


-CH2 


NHCOCH3 


55 




CHa 
-CHj 


NHCOCHs 


56 


CHg O 






57 




-CHj 




58 


' 0 


CHa 
-CH2 




59 


6h3 o 


CH3 
-CH2 
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60 


'Cry 


CH3 
/-CH3 
-CH2 




61 




CH3 


— NHCOCH3 


62 




CH3 
/-CH3 

-CHj 


NO2 


63 




CH3 
/-CH3 
-CH2 


NO2 


64 




CH3 
/-CH3 
-CH2 




65 




CH3 
/-CH3 
-CH2 





wo 94/05639 



PCr/US93/08458 



- 35 - 



66 


> — ' 0 


CH3 

-CH2 




67 


i 

0 


CH3 
/-CH3 
-CH2 


— NHCOCH3 


68 




CH3 

/--CH3 

-CHj 


CH3 

CH3 


69 




/-CH3 
-CH2 


CH3 

— N 

CH3 


70 


NHCOCH3 


CH3 

/-CH3 


NHCOCH, 

-0- 


71 


CH3 

WsOz- 
CH3 


CH3 
-CH2 
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72 


CHa 

Ws02— 
CH3 


-CH2 


CH3 

— ^ 
CH3 


73 


0CH3 

OCH, 


CH3 

/-CH3 

-CHj 


NHCOCHa 


74 


' 0 


— CH2^ 




75 


' 0 


CH3 

CHa 




76 


0 


r-\ 




77 


>rv 

• 0 
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78 


>rv 




-0 


79 








80 








81 


0 


CH3 

/-CH3 


CI 


82 


o 


CH3 




83 


0 


CHa 
)— CH3 
-CH2 


— NHCOCHs 
CI 
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84 


>rv 

0 






85 


o 


CHg. 

-CH2 




86 




CH3 
-CH2 


— NHCOCHj 


87 


0 


CH3 

^CH3 
-CH2 


NHCOCHj 


88 




CH3 

) CH3 
-CH2 


NHC0CH3 


89 


0 


CH3 

CH3 

-CH2 


CI 
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1 90 


0 


CH3 
-CH2 


NHCOCH, 1 

CI 1 


1 




CH3 

>-CH3 


-<r\ 


1 92 




CH3 

>--CH3 
-CH2 


— i^^— nhcocHj I 


1 ^ 




CH3 
-CH2 




1 ^ 




CH3 

>-CH3 
-CHj 


— NHC0CH3 1 


1 




CH3 

)-CH3 
-CH2 


CI 1 
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96 


o 


CH3 

-CH2 


— NHC0CH3 


97 


o 


CH3 

y CH3 
-CH2 




9i 


o 


CH3 

I-CH3 
-CH2 




99 




CH3 

^^)— CH3 
-CH2 




100 




CH3 

^) — CH3 
-CH2 




101 




CH3 
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1 102 


0 


CH3 

/~CH3 
-CH2 


NHCbCHj 1 


1 m 


■ -V 

0 


CH3 

/--CH3 
-CH2 


^ ^ 1 


1 104 


0 


CH3 

/-CHa 
-CHj 




1 lOS 


0 


CH3 
-CH2 


^^>— NHCOCf^ 1 


1 106 


1 


CH3 
-CH2 




1 107 


0 


CH3 

)-CH3 
-CH2 


-0 
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108 


H 0 

CFgCOO' 


CH3 

-CH2 




109 


0 


-CH2 




110 


o 

0 


/-CH3 
-CH2 


NHCOCH3 


111 


O 


— CH2-^^ 




112 




CH3 

)-CH3 
-CH2 




113 




CH3 

^CH3 
-CH2 


-Cf 
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1 


0 




0- 


1 


0 




0-' 


1 116 




— CH2-^Qj 




1 117 




— CH2— ^ 




1 118 








1 119 


0 


CH3 
-CH2 


CI 
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120 




CH3 

)-CH3 

-CH2 


— ^1^— NHCOCHs 


121 


0 

t 


CH3 

-CH2 


-0- 


122 


0 


CH3 

/-CH3 

-CH2 




123 




CH3 

/-CH3 

--CH2 


0CH3 


124 




CH3 

)-CH3 
-CH2 




125 






— ^^^y-NHCOCH> 
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126 


>rv 

' 0 


CH3 


CI 


127 


>rv 

0 


CH3 




128 


! 0 


CH3 


NHCOCHb 


129 


>rv 

' 0 


-CH.-Q 




130 


>rv 

0 


CH2 




131 


>rv 

' 0 


CH2 
"^CH3 


^^y-NHCOCHj 
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132 


1 — V 0 


— CH2--^ 


0^ 


133 






^^--NHCOCHj 


134 


1 — V 0 


CH2 




135 


1 — V 0 


CH2 




136 








137 


1 — \ 0 




NHCOCH3 
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138 


1 — V 0 


CH3 
>~CH3 
-CHj 


^ ^1 


139 


0 

o 


— CH2— 




140 


1 V 0 


— cH2-i;^ 




141 


fr 






142 


o 


— CH2— ^ 




143 




— CH2— <^ 
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144 


1 — V 0 


CH3 

)-CH3 

-CH2 


CF3C00* ^ 


145 




CH3 

-CH2 


N-O 


146 


p 


— CH2— <^ 


— NHCOCH3 


147 


H 

CFsCOO- 

O 




— NHCOCH3 


148 








149 


1 — V 0 


— CH2— <^ 


-0 
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150 




CH3 
)— -CH3 
~CH2 


-0 


151 








152 




CH3 

/--CH3 
-CH2 




153 


o 


CH3 
-CH2 




154 


0 


CH3 

/~~CH3 

-CH2 




155 


o 


CH3 

^— CH3 
-CH2 


— NHCOCH3 
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156 


0 


— CHj— 


\_/ COCH3 


157 




— CHj— /J^ 


-rCk 
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Preferred confounds of this iznrentlon are* : 
(S) -N-l- (3- ( (3-Acetylamixio-4-fluoro- 
benzenesulf onyl) -benzyl -amino) - (18,2 syn) -l-ben2yl-2- 
hydroxy -propyl) -2- { (quinoline-2-carbonyl) -amino) - 
5 succinamide and (S) -N-1- (3- ( (4-Acetylamino-3-fluoro- 
benzenesulf onyl) -benzyl -amino) - {IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- ( (guinoline-2-carbonyl) -amino) - 
succinamide (conpounds 2) ; 

(S) -N-1- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
10 sulfonyl) -benzyl-amino) - (IS, 2 syn) -l-ben2yl-2 -hydroxy- 
propyl) -2- ( (guinoline-2-carbonyl) -amino) -succinamide 
(conqpound 5) ; 

(S) -N-1- (l-Benzyl-3- (benzyl- (5-isoxazol-3-yl- 
thiophene-2-sulf onyl) -amino) - (IS, 2 syn) -l-benzyl-2- 
15 hydroxy - propyl ) - 2 - ( ( quinol ine - 2 carbonyl ) - amino ) - 
succinamide (coziqpound 6) ; 

(S) -N-1- (3- ( (Benzo(l,2,5)oxadiazole-4-sulfonyl) - 
benzyl-amino) - (IS, 2 syn) -1-benzyl- 2 -hydroxy- propyl) -2- 
( (guinoline-2- carbonyl) -amino) -succinamide (compound 
• 20 9); 

N-1- (1- (S) -Benzyl-3- (benzyl- (3l-sulfamoyl- 
benzenesulf onyl) -amino) -2- (syn) -hydroxy- propyl) -2- 
( (quinoline- 2 -carbonyl) ramino) -succinamide. (compound 
10); 

25 (S) -N-1- (1- (S) -Benzyl-2- (syn) -hydroxyl-3- 

(isobutyl- (5-pyridin-2-yl-thiophene-2-sulfonyl) -amino) 
propyl) - 2- ( (quinoline-2- carbonyl) -amino) - succinamide 
(conpound 12) j - 



* As can be appreciated by those of ordinary slcill' 
30 in the art, many different conventions are used in 
naxning chemical compounds. Because of possible 
discrepencies in the art of chemical nomenclature, the 
structures shown in Tables I -VI herein are controlling 
for the definition of conrpounds 1-195 of this 
35 invention. 
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(S) -N-1- (3- ( (4-Ben2enesulf onyl-thiophene-2- 
sulfonyl) -isobutyl-amino) - (IS, 2 syn) -l-bexizyl-2- 
hydroxy -propyl) -2- ( (quiiioline-2-carbonyl) • amino) - 
Buccinamide ( coznpoiind 13) ; 
5 (S) -N-1- (1- (S) -Benzyl-3- ( (4-fluoro- 

benzenesulf onyl) -ieobutyl- amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(confound 14) ; 

(S) -N-1- (3- { (4-Acetylamino-3-fluoro- 
10 benzeneeulfonyl) -isobutyl-amino) - (IS, 2 syn) -l-benzyl- 
2-hydro3qr-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conpound 15) ; 

(S) -N-1- (3- ( (3-Acetylamino-4-fiuoro- 
benzenesulf onyl) -isobutyl-amino) - (IS, 2 syn) -1 -benzyl - 
15 2 -hydroxy -propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide ( cozxpound 16) ; 

(S) -N-1- (1- (S) -Benzyl-3- ( (4-acetylamino- 
benzenesulf onyl ) - ispbutyl - amino) - 2 - ( syn) - hydroxy- 
propyl) -2- ( (quinpline-2-carbonyl) -amino) -succinamide 

• 20 (compound 17) ; 

(S) -N-1- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
sulfonyl) -isobutyl-amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conpoiind 18) ; 
25 ^ (S) -N-1- (3- ( (3-Acetylamino-benzenesulf onyl) - 

isobutyl-amino) - (IS, 2 syn) -l -benzyl -2 -hydroxy -propyl) - 
2- ( (quinoline-2-carbonyl) -amino) -succinamide (conqpound 

19) ; 

( S ) - N - 1 - ( 3 - ( ( Benzo (1,2,5) oxadiazole - 4 - sulf onyl ) - 
30 isobutyl-amino) - (IS, 2 syn) -1-benzyl -2 -hydroxy -propyl) - 
2 - ( ( quinol ine - 2 - carbony 1 ) - amino ) - succinamide ( conpound 

20) ; 

N-1- ( (lS-2 syn) -l-Benzyl-2-hy(iroxy-3- (1-isobutyl- 
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2- 
35 carbonyl) -amino) -succinamide (compound 21) ; 
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N- 1 - ( 3 • ( { 4 - Acetylamino-benzeneexxlf onyl ) - isobutyl - 
amino) - (IS, 2 syn) -l-benzyl-2-hydroxy-prbpyl) -2- 
(pyridin-2-yl-methoxycarbonyl) -succinasiide (conpound 

22) ; 

5 N-1- (3- ( (4 -Acetylamino-benzenesulfonyl) -isobutyl - 

amino) - ( IS , 2 syn) • l-benzyl - 2 -hydroxy- propyl ) - 2 - 
(pyridin*4-yl-inetho37carbonyl) -succinamide (conqponnd 

23) ; 

N-1- (3- ( (4-Fluoro-benzene8ulfonyl) -isobutyl- 
10 amino) - (IS, 2 syn) -1-benzyl -2 -hydroxy- propyl) -2-, 

(pyridin- 2 -yl -methoxycarbonyl ) - Buccinamide ( conqpound 
26); 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
15 isobutyl -benzenesulfonamide (compound 35) ; 

3,4-Dichloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S ) - tetrahydrof uran- 3 -yloxycarbonylamino) -butyl ) -N- 
iscdDutyl -benzenesulfonamide (confound 37) ; 

H- (4- { ( (2 syn.SS) -2-Hydroxy-4-phenyl-3- (pyridin- 
20 3 -yl -methoxycarbonylamino) -butyl) - isobutyl -sulfamoyl) - 
phenyl) -acetamide (compound 44) ; 

2, 4 -Dimethyl -thiazole- 5 -sulfonic acid- (1,1- 
dimethyl-ethoxycarbonylamino) - (2 syn,3S) -2-hydroxy-4- 
phenyl- butyl) -isobutyl -amide (compotind 46) ; 
25 N-(4-(((2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 

tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (conpoiind 48) ; 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (R) - 
tetrahydrof uran- 3 - yloxycarbonylamino) -butyl ) -N- 
30 isobutyl -benzenesulfonamide euid 4-Fluoro-N- ( (2 8yn,3S) 
2-hydroxy-4-phenyl-3- ( (R) - tetrahydrof uran- 3 - 
yloxycarbonylamino) -butyl ) -N- isobutyl - 
benzenesulfonamide (compounds 52) ; 

Benzo (1,2, 5) oxadiazole- 5 -sulfonic acid ((2 
35 syn,3S) -2-hydroxy-4-phenyl-3- (pyridin- 3 -yl- 
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xnethoxycarbonylamino) -butyl ) - isobutylaiiiide ( compound 
66); 

N-(4-{((2 syn,3S)-2-Hydroxy-4-phenyl-3.n.((R)- 
tetrahydrof urcin- 3 -yloxycarbonylamino) -butyl) *o.sobutyl - 
5 sulfamoyl -phenyl ) -acetamide and N- (4- ( ( (2 Byn,3S)-2- 
Hydro3cy-4-plienyl-3- ( (S) -tetrahydroftiran-3- 
yloxycarbonylamino) -butyl) -isdbutyl-sulfamoyl) -phenyl) - 
acetamide ( compounds 86) ; 

N- {2-Pluoro-5- { ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
10 ( (S) -tetrahydrofuran-3-ylcbcycarbonylainino) -butyl) - 

iedbutyl-sulfamoyl) -phenyl) -acetamide (compoiuid 88) ; 

N-(3-(((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)- 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) - isobutyl- 
sul f amoy 1 ) - phenyl ) - acetamide ( coinpound 91); 
15 4-Fluoro-N- ( (2 Byn/3S) -2-hydroxy-4-phenyl-3- ( (R) - 

tetrahydrofuran- 3 -yloxycarbonylamino) -butyl ) -N- 
isobutyl - benzenesulf onamide ( compound 93 ) ; 

N- (4- { ( (syn) -2-Hydroxy- (S) r4-phenyl-3- 
( (tetrahydro-furan- (R) -3-yl) -oxycarbonylamino) -butyl) - 
20 isobutyl-sulfamoyl) -phenyl) -acetamide (conqpoxind 94); 

4-Fluoro-N- (2 syn,3S)-2-hydroxy-4-phenyl-3- 
( (tetrahydro-furan- (R) -3-ylmethoxycarbonylamino) - 
butyl) -N-isobutyl -benzenesulf onamide and 4-Pluoro-N- (2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (tetrahydro-furan- (S) -3- 
25 ylroethoxycarbonylamino) -butyl ) -N- isobutyl - 
benzenesulf onamide (conqpounds 97) ; 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
(pyridin-3-yl-methoxycarbonylamino) -butyl) ^N- isobutyl - 
benzenesulf onamide (coinpound 98) ; 
30 4-Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 

tetrahydrof uraui- 3 -yloxycarbonylamino) -butyl ) - isobutyl - 
benzenesulf onamide (compound 99); 

N-((2 syn,3S)-2-Hydroxy-4-phenyl-3- ({S)- 
tetrahydrofureal-3-yloxycarbonylamino) -butyl) -N- 
35 isobutyl -4 -methoxy-benzenesulf onamide (coinpound 100); 
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4-Pluoro-N- (2- (syn) -hydroxy-3- ( (2-oxazolidon- (S) - 
4-yl) -xnethoxycarbonylamino) -4- (S) -phenyl -butyl) -N- 
isobutyl-benzenesulfonainide (confound 109) ; 

Benzene- 1, 3 -disulfonic acid l-amide 3- {(2 syn,3S)- 
5 2-hydrQxy-4-phenyl-3- (3- (S) -tetrahydrofuran-3- 

y loxy carbony lamino ) - butyl ) - isobuty 1 - amide ( compound 
112) J 

Puran- 3 -sulfonic acid (2 syn,3S) -2-hydroxy-4- 
phenyl*3- ( (S) -tetrahydrofuran-S-yloxycarbonylamino) - 
10 butyl ) - isdbutyl - amide ( compound 113 ) ; 

( (3-Allyloxycarbonylamino) - (2 syn,3S) -2-hydroxy- 
4 -phenyl -butyl ) -N- cyclqpentylmethyl -4 - f luoro- 
benzenesulf onamide (compound 114) ; 

N- Cyclopentylmethyl -H- ( ( 3 - ethoxy carbony lamino) - ( 2 
15 8yn,3S) -2-hydroxy-4-phenyl-butyl) -4-fluoro- 
benzenesulf onamide (ccnqpound 115) ; 

4 -Chloro-N- cyclopentylmethyl -N- ( (2 syn,3S) -2- 
hydroxy- 4 -phenyl - 3 - ( (S ) - tetrahydrof uran- 3 - 
yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 
20 116); 

4 -Chloro-N- cyclopentylmethyl -N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- (pyridin-3yl-methoxycarbonyl) - 
butyl) -benzenesulfonamide (compound 118); 

N- (4- (Cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4- 
25 phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -sulfamoyl) -phenyl) -acetamide (compound 125) ; 

3-Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrcOiydrofuran- 3 -yloxycarbonylamino) -butyl) -N- 
isobutyl* benzenesulfonamide (compound 138) ; 
30 4-Chloro-N-cyclopentylmethyl-N- (2- (syn) -hydroxy- 

3- ( (2-oxazolidon-4- (S) -yl-methyl) -oxy carbony lamino) -4- 
pheny 1 - butyl ) - benzenesul f onamide ( compound 139); 

N- cyclopentylmethyl -N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl - 3 - ( (S) - tetrahydrofuran- 3 -yloxycarbonylamino) - 
35 butyl) -4-methoxy-benzene8ulf onamide (coxiqpoxmd 140); 
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N- ( (3-allyloxycarbonylamino) - (2 syn, 3S) -2-hydroxy- 
4 -phenyl -butyl ) -N- cyclopentylmethyl - 4 -methoxy- 
benzenesulfonamide (coxnpoimd 141); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
5 phenyl - 3 • { 3 -pyridin- 3 -yl -methoxycarbonylamino) -butyl - 
4-iiiethoxy-benzeneBulfohaiaide (conqpound 142) ; 

Pyridine- 3 -siilfonic acid ({2 syn,3S) -2-hydroxy-4- 
phenyl - 3 - ( (S ) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
butyl) *i80butyl- amide, trifluoroacetic acid salt 

10 (compound 144) ; 

5-l80xazol-3*yl*thiophene-2-8ulfonic acid ((2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - tetrahydrof uran- 3- 
yloxycarbonylamino) - butyl ) - isobutyl - amide ( conpound 
145); 

15 N- (4- { (3- (Allyloxycarbonylamino) - (2 syn,3S)-2- 

hydroxy- 4 -phenyl - butyl ) - cyclopentylmethylsulf amoyl ) - 
phenyl) -acetamide (compound 146) ; 

N-(4-(Cyclopentylmethyl-((2 Byn,3S) -2-hydroxy-4- 
phenyl-3- (pyridin- 3 -yl -methoxycarbonylamino) -butyl) - 
20 sulfamoyl) -phenyl) -acetamide (compound 147); 

N-C:yclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl - 3 - ( (S ) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
butyl) -benzenesulfonamide (conpound 148); 

Pyridine- 3 -sulfonic acid cyclopentylmethyl- ( (2 
25 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -amide (conpound 149); 

Piperidine-1- sulfonic acid {(2 syn,3S) -2-hydroxy- 
4-phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -isobutyl -amide (compoimd 150); 
30 N-4- ( (2- (syn) -Hydroxy-3- ( (2-methoxymethyl- 

allyloxycarbonylamino) -4- (S) -phenyl -butyl) -isobutyl- 
sulf amoyl ) - phenyl ) - acetamide ( compound 155 ) ; 

l-Acetyl-2,3-dihydro-lH-indole-6-sulfonic acid 
( (allyloxycarbonylamino) - (2 8yn,3S) -2 -hydroxy- 4 -phenyl 
35 butyl) -cyclopentylmethyl -amide (compound 156) ; 
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1 - Acetyl -2,3- dihydro- IH- indole - 6 - sulfonic acid 
cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrofuran'-3*yloxycarbonylamino) -butyl) -amide 

(confound 157) ; 
5 N-Cyclohexylinethyl-N- ((2 8yn,3S) -2-hydro3qr-4- 

phenyl - 3 - ( (S) - tetrahydrof uran-3 -yloxycarbonylamino) - 
butyl) -4-inethoxy-benzene8ulfona]nide (cozipound 158); 

N-Cyclohe3^1inethyl-4-fluoro-H- (X2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) - tetrahydrof uran-3 - 
10 yios^carbonylazaino) -butyl) -benzenesulfonamide (compound 

159)? 

K- (4- (CyclohexylmethyD- ((2 8yn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
butyl ) - sul f axnoyl - phenyl ) - acetamide ( conpound 160); 
15 N- ( (2 eyn,3S) -2-Hydroxy-4-phenyl-3- (pyridin-4-yl- 

methoxycarbonylamino) -butyl) -N-i8obutyl-4-i!iethoxy- 
benzenesulf onainide (conpound 163) ; 

N-{{2 8yn,3S) -2-Hydroxy-4-phenyl-3- ( (syn) - 
tetrahydrof uran- 3 -yloxycarbonylamino) -butyl ) -N- 
20 i8obutyl-4-methyl-benzene8ulfonamide (compound 165); 

N- cyclopentylmethyl -4 -hydroxy-N- ( (2 8yn,3S) -2- 
hydroxy-4 -phenyl- 3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl) -benzene8ulfonamide (compoiind 166); 

N-((2 Byn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
25 tetrahydrof uran- 3 -yloxycarbonylamino) -butyl) -N- 

isobutyl-4-nitro-benzenesulf onamide (coxrrpo\ind 167) ; 

4-Amino-N- ( (2 eyn, 3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran-3 -yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide (conqpound 168) ; 
30 N- Cyclopentylmethyl -4 -hydroxy-N- ( (2 syn,3S) -2- 

hydroxy-4-phenyl-3- ( (S) - tetrahydrof uran- 3 - 
yloxycarbonylamino ) -butyl ) - benzeneaulf onamide ( con?)Ound 
169); 
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N-Cyclopentylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrof uran-3-yloxycarbonylaiBino) - 
butyl) -4-nitro-benezensulfonaxaide (compound 170); 

4-Amino-N-cyclopentylinethyl-N-( (2 syn,3S) -2- 
5 hydroxy-4-phenyl*3- ( (S) -tetrahydrof uran-S- 
yloxycarbonylaiaino) -butyl) -benzenesulf onamide (compound 
171); 

2 , 4-piamino-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3-- 
10 yloxycarbonylamxno) -butyl) -benzenesulf onamide ( compound 
173); 

4-Hydroxy-N- (2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compound 175) ; 
15 N-Cyclopentylmethyl-4-fluoro-N-((2 syn,3S)-2- 

hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3- 
yloxycarbony lamino) -butyl ) -benzenesulf onamide ( compound 

182) ; 

3 , 4-Dichloro-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
20 hydroxy-4-phenyl-3-( (S) -tetrahydrofuran-3- 
y loxycarbony lamino) -butyl ) -benzenesulf onamide ( compound 

183) ; and 

Ben2yloxycarbonyl-(L)-isoleucine-N-(5-( (3-amino- 
(2 syn, 3S) -2-hydroxy-4-phenyl-butyl) -isobutyl- 
25 sulfamoyl)-2-fluoro-phenyl)-acetamide (compound 187); 
N-( (2 syn,3S)-4-Cyclohexyl-2-hydroxy-3-( (S)- 
tetrahydrof uran-3 -y loxycarbony lamino) -butyl ) -N- 
cyclopentylmethyl-4-methoxyrbenzenesulf onamide 
(compound 195) • 
30 More preferred compounds of this' invention 

are: 

(S) -N-1- ( 1- (S) -Ben2yl-2- (syn) -hydroxyl-3- 
(isobutyl-(5-pyridin-2-yl-thiophene-2-sulfonyl) -amino) - 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
35 (compound 12) ; 
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(S) -N-l- (1- (S) -Beiizyl-3- ( (4-fluoro- 
benzenesulfonyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) *2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(conpoimd 14 ) ; 
5 (S) -N-1- (3- ( (4-Acetylamino-3-fluoro- 

benzenesulf onyl ) - isobutyl - amino) - ( IS , 2 syn) - 1 -benzyl - 
2-hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (ccnqpound 15) ; 

(S) -N-1- (3- ( (Benzo(l,2,5)oxadiazole-4*8ul£onyl) - 
10 isobutyl - amino) - ( IS , 2 syn) - 1 -benzyl - 2 -hydroxy-propyl ) - 
2- ( (quinoline-2-carbonyl) -amino) -succinamide (conqpound 
20) ; 

H-l-((lS-2 syn) -l-Benzyl-2-hydroxy-3- (l-isobutyl- 
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2- 
15 carbonyl) -amino) -succinamide (compound 21); 

N-(4-(((2 8yn,3S)-2-Hydroxy-4-phenyl-3-({S)- 
t etrahydrof uran - 3 - yloxy carbony lamino ) - butyl ) - isobutyl - 
sulfamoyl) -phenyl) -acetamide (compoxi^d 48) ; 
N-((2 syn,3S)-2-Hydro3^-4-phenyl-3-((S)- 
20 tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 

isobutyl-4-methoxy-benzenesulfonamide (compound 100); 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2- 
hydroxy - 4 - phenyl - 3 - ( ( S ) - 1 etrahydrof uran - 3 - 
yloxycarbonylamino) -butyl) -benzenesul£onamide (conpound 
25 116) ; 

N"Cyclopentylmethyl-N- { (2 syn, 3S) -2-hydroxy-4- 
phenyl - 3 - ( (S) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (conqpound 140) ; 

N-C?yclopentylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
30 phenyl-3- (3-pyridin-3-yl-methoxycarbonylaxnino) -butyl- 
4-methoxy-benzenesulfonamide (conpound 142); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl- 3 - ( (S) -tetrahydrofuran-3 -yloxycarbonylamino) - 
butyl ) - benzenesul f onamide ( conqpound 148); 
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N-Cyclohexy Imethy ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- { (S) -tetrahydrof uran-3-yloxycarbonylainino) - 
butyl) «*4-]nethoxy-benzenesulfona]nide (compound 158) ; 

N-(4-(Cyclohexylttethyl)-( (2 syn,3S)-2-hydroxy-4- 
5 phenyl-3-((S)-tetrahydrofuran-3-yloxycarbonylaiaino)- 
butyl) -sulfaiaoyl-phenyl)-acetainide (compound 160); 

N-cyclopentylxnethyl-4-hydroxy-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl) -benzenesulfonanide (compound 166); 
10 4-Amino-N-( (2 syn,3S)-2-Hydroxy-4-phenyl-3-( (S)- 

tetrahydrof uran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide (compound 168) ; 

4-Amino-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrpf uran-3- 
15 yloxycarbonylamino) -butyl ) -benzenesulf onamide ( compound 
171) ; 

2 f 4-Diamino-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-S- 
yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 
20 173) ; 

4-Hydroxy-N- (2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide (compound 175) ; and 

N-((2 syn,3S)-4-Cyclohexyl-2-hydroxy-3-( (S)- 
25 tetrahydrof uran-3-yloxycarbonylamino) -butyl ) -N- 
cyclopentylmethyl-4-methoxy-benzenesulf onamide 
(compound 195). 

The sulfonamides of this invention may be 
synthesized using conventional techniques. 
30 Advantageously, these compounds are conveniently 

synthesized from readily available starting materials. 

The compounds of this invention are among the 
most readily synthesized HIV protease inhibitors known. 
Previously described HIV protease inhibitors often 
35 contain four or more chiral centers, numerous peptide 
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lin)cages and/or require air- sensitive reagents (such as 
organcametallic ccanplexes) to effect their synthesis. 
The relative ease with which the con?)ounds of this 
invention can be synthesized represents an enozmQUS 
5 advantage in the large scale production of these 
confounds. 

In general, sulfonamides of formula I are 
conveniently obtained from a- amino acid derivatives 
having the general forxmila A- (B),-1IH*CH(D) -COOH, 

10 wherein A, B, X and D are defined as above for the 

conqpounds of formula I. Such a*amino acid derivatives 
are often commercially available or may be conveniently 
prepared from commercially availcdDle a- amino acid 
derivatives using Icnown techniques. See, for example, 

15 T.W. Greene and P.G.M. Wuts, "Protective Groups in 
Organic Synthesis", 2nd Ed., John Wiley and Sons 
(1991). Although this invention envisions the use of 
racemic mixtures of such starting materials, when x 
0, a single enantiomer in the S configuration is 

20 preferred. 

Using known techniques, the a- amino acid 
derivative of general formula A- (B) j^-NH-CH(D) -COOH may 
be readily converted to an amino ketone derivative of 
general formula A- {B),^-NH-CH(D) -CO-CHj-X, wherein X is a 

25 leaving group which suitably activates the Of- carbon 

(i.e., makes the methylene susceptible to nucleophilic 
attack) . Suitable leaving groups are well known in the 
art and include halides and sulfonates, such as 
methanesulf onate, trif luoromethanesulf onate or 4- 

30 toluenesulf onate X may also be a hydroxyl which is 

converted in situ to a leaving group (e.g. by treatment 
with a trialkyl- or triarylphosphine in the presence of 
a dialkylazodicarboxylate) . Methods for the formation 
of such amino ketone derivatives also are well known to 

35 those of skill in the art (see, for exan5)le, S.J. 
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Fittkau, .T. PT-aV-r . Chem. . 315. p. 1037 (1973)). 
Alternatively, certain amino ketone derivatives are 
commercially available (e.g., from Bachem BioBciences, 
Inc., Philadelphia, Pennsylvania). 
5 The amino ketone derivative may then loe 

reduced to the corresponding amino alcohol, represented 
by the formula A- (B),-NH-CH(D) -CH(OH) -CHj-X. Many 
techniques for reduction of amino ketone derivatives 
such as A- (B)^-NH-CH(D)-C0-CH2-X are well known to those 
10 of ordinary skill in the art (Larock, R.C. 

■Conprehensive Organic TransfomatioxiS" , pp. 527-547, 
VCR Publishers, Inc.* 1989 and references cited 
therein) . A preferred reducing agent is sodium 
borohydride. The reduction reaction is conducted at a 
15 tenperature of from about -40'C to about 40»C 

(preferably, at about O'C to about 20«>C) , in a suitable 
solvent system such as, for exanple, aqueous or neat 
tetrahydrofuran or a lower alcohol, such as methanol or 
ethanol. Although this invention envisions both 
• 20 stereospecific amd non-stereospecif ic reduction of the. 
amino ketone derivative A- (B),-MH-CH(D) -CO-CHj-X, 
steriBOselective reduction is preferred. 
Stereoselective reduction may be accomplished by use of 
chiral reagents known in the art . In the present 
25 invention, stereoselective reduction may be 

conveniently achieved, for instance, under non- 
chelating reducing conditions, where chiral induction 
of the newly formed hydroxyl group is set by the 
stereochemistry of the D group (i.e., Pelkin-Ahn 
30 addition of hydride) . We particularly prefer 

stereoselective reductions wherein the resulting 
hydroxyl is syn to D. We have found that when the 
hydroxyl group is syn to D, the final sulfonamide 
product is an HIV protease inhibitor of higher potency 
35 than the anti diastereomer. 
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The hydroxyl group of the amino alcohol may 
optionally be protected by any known oxygen protecting 
group (such as trialkylsilyl, benzyl, or 
alkyloxymethyl) to yield a protected amino alcohol 
5 having the formula A- {B)^-NH-CH{D) -C(OR^) -CH^-X/ wherein 
is H or any suitable hydroxy protecting group. 
Several useful protecting groups are described in T.W* 
Greene and P.6.M. Wuts, Proteetlve Groups in Organic 
SynthggjLg, pq. , John Wiley and Sons (1991) . 
10 The amino alcohol may then be reacted with a 

nudeophilic amine conpound to form an intermediate of 
formula III: 

D 

I 

15 A-B-NH-CH-CM-CH^-NH (III) 

wherein D and R^ are as described above, and L is 
either D' (as described for compounds of formula I) or 
20 hydrogen. 

In a particularly advantageous synthetic 
scheme, simultaneous activation of the methylene and 
protection of the alcohol may be accomplished by 
forming an N-protected amino epoxide from the oxygen 
25 and its adjacent methylene to give an intermediate of 
formula II: 

A-B-NH-C3i(D)-CH-CH2 (II) 

\ / 
O 

30 wherein A, B and D are as defined above for compoxuids 
of formula I. Suitable solvent systems for preparing 
the N-protected amino epoxide include ethanol, 
methanol , ieopropanol , tetrahydrof uran , dioxane , 
dimethyl formamide and the like (including mixtures 

35 thereof) . Suitable bases for producing the epoxide 
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include alkali metal hydroxides, potassiiim t-butoxide, 
DBU and -the like • A preferred base is potassium 
hydroxide. 

Reaction of the N-protected amino epoxide or 
5 other suitably activated intermediates with an amine is 
carried out neat, i.e. in the absence of solvent, or in 
the presence of a polar solvent such as lower alkanols, 
water, dimethyl formamide or dimethylsulf oxide. The 
reaction can be carried out conveniently between about 
10 0*C and 120*C, preferably between about 20®C and 100*C. 
Alternatively, the reaction may be carried out in the 
presence of an activating agent, such as activated 
alumina in an inert solvent, preferably an ether, such 
as diethyl ether, tetrahydrofuran, dioxane, or tert- 
15 butyl methyl ether, conveniently from about room 

tenperature to about llO^C, as described by Posner and 
Rogers, .t, Am Chem. Soc. . 99, p. 8208 (1977) . Other 
activating reagents include lower trialkylaluminum 
species, such as triethylaluminiim, or dialkylaliunininn 
20 halide species, such as diethylalumintun chloride 
(Overman and Flippin, Tetrahedron l^gtteyg> P- 195 
(1981)). Reactions involving these species are 
conveniently carried out in inert solvents such as 
dichloromethane, 1,2-dichloroethcme, toluene, or 
25 acetonitrile between about 0*^0 and about llO^C. 

Further methods of displacing leaving groups, or 
opening epoxides with amines or their equivalents such 
as azides or timethylsilyl cyanide (Gassman and 
Guggenheim, J. Am. Chem, Soc, 104, p. 5849 (1982)), are 
30 known and will be apparent to those of ordinary skill 
in the art. 

Compotmds of formulae II and III, and 
functionality-protected derivatives thereof, are useful 
as intermediates for the preparation of con5)o\mds of 
35 formula I. In those cases where L represents D' , 
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compoxmds of formula III may be converted to compounds 
of formula I by reaction with sulfonyl- activated 
species to form sulfonamides, sulfonyl ureas, 
thiocarbamates and the like. Methods for preparing 
5 such sulfonyl -activated species are well within the 

ordinary skill of the art. Typically, sulfonyl halides 
are used to obtain sulfonamides. Many sulfonyl 
halides are commercially available; others may be 
easily obtained using conventional synthetic techniques 

10 (Gilbert, E.E. "Recent Developments in Preparative 

Sulfonation and Sulfation" Synthesis 3 (1969) and 

references cited therein; Hoffman, R.V. *'M- 
Trifluoromethylbenzenesulfonyl cailbride" Org. Synth. 
Coll. Vol. VII, John Wiley and Sons (1990) ; Hartman, 

15 G.D. et. al. "4 -Substituted Thiophene-and Puran-2- 

sulfonamides as Topical Carbonic Anhydrase Inhibitors" 
J. Med. Chem. , 35, p. 3822 (1992) and references cited 
therein. Sulfonyl ureas are usually obtained by the 
reaction of an amine with sulfuryl chloride or a 

20 suitable equivalent such as sulfuryl -bis -imidazole or 
sulfuryl -bis -N-methyl imidazole. Thiocarbamates are 
typically obtained by the reaction of an alcohol with 
sulfuryl chloride or a suitable equivalent such as 
sulfuryl -bis -imidazole or sulfuryl -bis -N-methyl 

25 imidazole. 

In the case of compounds of formula III 
wherein L is hydrogen, conversion of the resultcint 
primary amine to a secondary amine may be carried out 
by known techniques. Such techniques include reaction 

30 with an alkyl halide of alkyl sulfonate, or by reduc- 
tive alkylation with an aldehyde or carboxylic acid or 
activated derivative thereof using,, for instsmce, 
catalytic hydrogenation or sodium cyanoborohydride 
(Borch et al., J. Am. Chem. Soc , 93, p. 2897 (1971)). 

35 Alternatively, the primary amine may be acylated 
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followed by reduction with borane or another suitable 
reducing reagent, for example, ae described by Cushman 
et al., .T. nro. Chem. . 56, p. 4161 (1991)- This 
technique is especially useful in compounds of formula 
5 III where B is absent and A represents a protecting 
group such as tert-butoxycarbonyl (Boc) or 
benzyl oxycarbonyl (Chz) . 

If variable A of a particular compound 
of formula I represents a removable protecting group, 
10 removal of that group followed by reaction of the 

resulting amine with an appropriate activated reagent 
will advantageously yield a different compo\ind of 
formula I. For instance, reaction with an activated 
carboxylate, such as cm acyl halide (e.g-, acid fluo- 
15 rides, acid chlorides, and acid bromides), an activated 
ester such as nitrophenyl ester or 1- 
hydroxysuccinimide (HOSu) ester, an anhydride such as 
the symmetrical anhydride or isobutyl anhydride, or 
mixed carbonic -phosphoric or carbonic -phosphinic anhy- 
20 drides, will yield the corresponding amide- Ureas may 
be obtained by reaction with isocyanates or amines in 
the presence of bis-activated carbonic acid derivatives 
such as phosgene or carbonyldiimdazole . Carbamates may 
be obtained by reaction with chlorocarbonates, with 
25 carbonates esterified with leaving groups such as l- 
hydroxybenzotria20le (HOBT) or HOSu, or with alcohols 
in the presence of bis -activated carbonic acid 
derivatives such as phosgene or carbonyldiimdazole- It 
will be readily recognized that in order to facilitate 
30 specific reactions, the protection of one or more 
potentially reactive groups followed by subsequent 
removal of that group may be required- Such 
modification to the reaction schemes outlined above are 
within the ordinary skill of the art- 
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If vaxiable B of a particular ccanpoxind of 
formula I is absent and variable A of that compound 
represents a removable protecting group, removal of A, 
followed by reaction of the resulting amine with an 
5 amino acid or suitably N-protected derivative thereof, 
followed by a subsequent reaction of the free a* amine 
if present, as described above, will yield a further 
con9)ound of formula I. The addition of amino acids and 
their derivatives is accomplished by well known methods 
10 of peptide synthesis. Some of these methods are 

generally set forth in Bodanszky and Bodanszlcy, "Ibe 
Practice of Peptide Synthesis", Springer- Verlag, 
Berlin, Germany (1984) and in the "The Peptides", Gross 
and Meinhof er (Eds) ; Academic Preias* 1979, Vols. 1- 
15 III, which are incorporated herein by reference. 

Typically, for solution phase synthesis of 
peptides, the a* amine of the amino acid to be coupled 
is protected by Boc, Cbz, allyloxycarbonyl (Alloc) or 
9-fluorenylmethoxycarbonyl (F^c) , while the free 
20 ^ carboxyl is activated by reaction with a carbodiimide 
such as dicycloheacylcarbodiimide (iDCC) , l-(3- 
dimethylaminopropyl ) • 3 - ethylcarbodiimide hydrochloride 
(EDO, or diisopropyl carbodiimide (DIG), optionally in 
the presence of a catalyst such as HOST, HOSu, or 
25 dimethylaminopyridine (DMAP) • Other methods which 

proceed through the intermediacy of activated esters, 
acid halides, enzyme -activated amino acids and 
anhydrides including N-carboxy- anhydrides, symmetrical 
anhydrides, mixed carbonic anhydrides, carbonic- 
30 phosphinic and carbonic -phosphoric anhydrides are also 
suitable. After the peptide has been formed, 
protecting groups may be removed by methods described 
in the references listed above, such as by hydro- 
genation in the presence of a palladixam, platinum or 
35 rhodium catalyst, treatment with sodium in liquid 
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amnROXiia, hydrochloric, hydrofluoric, hydrobromic, 
formic, trifluoramethanesulfonic, or trifluoroacetic 
acid, secondary amines, fluoride ion, trimethylsilyl 
halides including bromide and iodide, or alkali. 
5 One particularly useful synthetic scheme for 

producing sulfonamides of formula XV is shown below: 




XIV XV 
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Conpounds of formula X nay be advantageously 
synthesized from readily availeible starting materials 
(see D.P. Getman, J, Med. Chem. > 36, p* 288 (1993)). 
Each step of the above synthetic scheme may be carried 
5 out as generally described above. 

A particularly usef iil synthetic scheme for 
producing the preferred sulfonamides of formula XXII is 
shown below: 
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ConpoiincLs of formula XX may be advantageously 
synthesized from readily available starting materials 
(see B.E. Evans et al., J> Ore. Qiem. . 50, p. 4615 
(1985)). Each step of the above synthetic scheme may 
5 be carried out as generally described above. 

After converting a cooqpound of formula XX to 
a coopound of formula XXI, as detailed in the previous 
reaction scheme, the compound of formula XXI may 
alternatively be reacted with an amino acid or amino 
10 acid derivative, as described generally above, to yield 
a preferred compound of formula XXXI. A peirticularly 
useful synthetic scheme utilizing this strategy is set 
forth below: 





wo 94/05639 



PCr/US93/084S8 



- 79 - 

As can be appreciated by the skilled artisan, 
the above synthetic schemes are not intended to 
conqprise a conprehensive list of all mecms by which the 
compounds described and claimed in this application may 
5 be synthesized. Further methods will be evident to 
those of ordinary skill in the art. 

The compouzKis of this invention may be 
modified by appending appropriate fimctionalites to 
enhance selective biological properties. Such 

10 modifications are known in the art and include those 
which increase biological penetration into a given 
biological system (e.g., blood, lymphatic system, 
central nervous system) , increase oral availability, 
increase solxibility to allow administration by 

15 injection, alter metabolism and ialter rate of 
excretion. 

The conqpotinds of formula I are characterized 
by a superior ability to inhibit HIV protease activity 
and viral replication. We believe that this is due to 

20 specific steric and electronic interactions between the 
protease emd conqpounds of formula I. This belief stems 
from our analysis of the structural basis for the 
activity of compounds of formula I, in view of the 
known crystal structures of HIV protease and bound 

25 inhibitors, such as the structure reported in Miller et 
al. "Structure of Complex of Synthetic HIV-l Protease 
with a Substrate-Based Inhibitor at 2.3 A Resolution", 
Science , vol. 246, pp. 1149-1152 (1989), which is 
incorporated herein by reference, as well as structures 

30 determined in our laboratories. According to these 

structures, the active site of HIV aspartiyl protease is 
defined by a deep groove containing s\ibpockets for 
accommodation of various side chains of the protease 
substrate referred to as P^-Pa Pi'-P^'f according 

35 to conventional protease nomenclature. In the center 
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of the groove, lie two aspartic acid residues (Asp25 
and Asp25' according to the niambering system of Miller 
et al.) in a manner typical of the active site 
aspartates of known aspartyl proteases, which are 

5 believed to be the catalytic residues of the enzyme. 

The groove is covered by two C^- symmetrically disposed 
"flaps* which also make various direct and indirect 
contacts with bound substrates. 

We believe that the substituents A, D, D' and 

10 E of the cospounds of formula I associate with HIV 

protease by way of hydrophobic forces in the binding 
pockets of the enzyme. We also believe tlaat the 
sulfonamide group hydrogen binds tightly to a water 
molecule held by hydrogen bonds to the flaps of the 

15 protease ("the flap water molecule"; water molecule 

511, according to the Miller et al. numbering system). 

In view of the above discovery, an 
alternative embodiment of this invention relates to 
novel HIV protease inhibitors possessing certain 

20 structural and physicochemical feattires. We have 
discovered that compounds possessing the following 
novel combination of features are surprisingly 
effective HIV protease inhibitors: 

(1) a first and a second hydrogen bond 

25 acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the. 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
molecule of an HIV aspartyl protease when the corapoiind 

30 is bound thereto; 

(2) substantially hydrophobic moieties which 
associate with the and P^' binding pockets of said 
HIV aspartyl protease when the confound is bound 
thereto; 
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(3) a third hydrogen bonding moiety r which 
may be either a hydrogen bond donor or acceptor, 
capable of simultaneously hydrogen bonding to Asp25 and 
A8p25' of said HZV aspartyl protease when the conqpound 

5 is bound thereto; 

(4) an additional occupied volume of space 
of at least 100 when the conqpound is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 

10 filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
compound to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and 

15 (6) a neutral or favorable enthalpic 

contribution from the s\mti of all electrostatic 
interactions between the compound and the protease when 
the compound is bound to said HIV aspartyl protease. 

Compounds having the above* cited features can 

20 be readily identified or designed by one of ordinazy 
skill in the art using a combination of chemical 
reasoning and computational methods. For example, 
those of ordinary skill in the art can readily identify 
or choose hydrogen bonding and hydrophobic moieties or 

25 groups required in features (l)-(3), while features 
(4) -(6) can be ascertained using well known 
conputational methods for determination of structural 
(e.g. conformational) and energetic properties of 
molecules . 

30 Furthermore, ccmtpounds characterized by 

features (l) through (6) listed above may be obtained 
using any conventional technique, including chemical 
synthesis and xiatural product isolation. We prefer 
using the synthetic schemes detailed above for 

35 conpounds of formula I. 
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We have discovered that when an HIV protease 
inhibitor forms hydrogen bonds to the flap water 
molecule through two hydrogen bonding moieties, at 
least one of which is more highly polarizable than a 

5 carbonyl, the ability of those confounds to inhibit HIV 
protease activity is dramatically improved, as conpared 
with conventional HIV protease inhibitors. 

While not wishing to be bound by theory, we 
believe that the strong hydrogen bonds that form 

10 between the flap water molecule and the two hydrogen 

bonding moieties, at least one of which is more highly 
polarizable than a carbonyl, lower the overall binding 
energy of the inhibitor. Most HIV protease inhibitors 
known in the art utilize only carbonyl groups for 

15 hydrogen bonding to the flap water molecule and are, 
thus, inferior to those of the present invention. We 
believe that the increased polarization that results 
from the large dipole moment of the highly polarizable 
hydrogen bonding moiety (as conpared to the dipole 

20 moment of a carbonyl moiety) creates a stronger and 

tighter hydrogen bond with the flap water molecule. We 
prefer to utilize tetravalent oxygenated sulfur, 
hexavalent oxygenated sulfur and pentavalent oxygenated 
phosphorus as the highly polarizable hydrogen bonding 

25 moiety. Tetravalent oxygenated sulfur and hexavalent 
oxygenated sulfur are more preferred as the highly 
polarizable hydrogen bonding moiety. Hexavalent 
oxygenated sulfur (-SOj-) is most preferred. 

We have found that when the highly 

30 polarizable hydrogen bonding moiety is a sulfonamide, 
the overall binding energy of the inhibitor is 
particularly low. We believe that this increased 
stability is due to particular conformational 
characteristics of the sulfonamide S*N bond. 

35 Specifically, the sulfonamide S-N bond exists in only 
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two low- energy rotamers (see J.B. Nicholas et al> . J> 
Phys. Chem, . 95, p. 9803 (1991) and R.D. Bindal et al., 
J. Am. Chem. Soc. , 112, p. 7861 (1990)). This has the 
effect of locking that portion of the molecule into a 
5 favorable conformation wherein one or both of the 
highly polarized S-O oxygens can be involved in 
hydrogen bonding interactions with the flap water. 

The remaining five structural and 
physicochemical features recited above (i.e., features 

10 (2) through (6)) are generally recognized in the art to 
iitprove the ability of a compound to competitively 
inhibit HIV protease activity. Although there axe 
several other features thought to increase the 
inhibitory property (such as binding of the inhibitor 

15 backbone to the enzyme) , we have discovered that the 
combination of the five above- cited elements alone, 
together with novel element (1) , typifies effective HIV 
protease inhibitors. 

In general, the binding energy of a 

20 particular protease inhibitor is lowered when 

hydrophobic moieties on the inhibitor are located so as 
to associate with the enzyme's hydrophobic binding 
pockets. In the case of HIV-l protease, the location 
and nature of the and V^' binding pockets are known 

25 to those of ordinary skill in the art (see, for 

example, M- Miller et al,, cited above). Substantially 
hydrophobic side chains which fit into the well defined 

and P^ ' binding pockets are also }cnown to those in 
the art. Preferred side chains are located within 4 A 

30 of the enzyme when bound to HIV protease. Preferred 
hydrophobic side chains include those siibstcmtially 
similar to those of hydrophobic natural and unnatural 
Qf-amino acids, including alanine, valine, leucine, 
isoleucine, methionine, phenylalanine, a-amino 

35 isobutyric acid, alloisoleucine, tyrosine, and 
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tryptophan. Insofar as a portion of this side chain is 
in contact with bulk solvent or protrudes out of the 
enzyme, it is not considered to be wholly within or 
Pj' and may contain polar fiinctionality such as a 
5 charged amine at that location. 

It has also been established in the art that 
the presence of a hydroaqrl group within hydrogen bond 
proximity to the tw catalytic aspartic acid residues 
of HIV protease (Asp25 and A8p25') is an important 
10 feature of an effective HIV protease inhibitor (see, 
for exanple, R. Bone et al,, "X-ray Crystal structure 
of the HIV Protease Conqplex with L- 700, 417, .an 
inhibitor with Pseudo Cj Symmetry", J. Jan. Chem. Soc. . 
113, pp. 9382-84 (1991)). It is further \mderstood 
15 that the geometry of the Asp -binding hydrogen bonding 

moiety is of particular importance. Although we prefer 
to use a hydroxyl group at this position, any hydrogen 
bonding moiety that is capable of forming hydrogen 
bonds with the Asp residues is acceptable. Such 
20 hydrogen bonding moieties are known to those of skill 
in. the art (e.g., phosphinic acid (D. Grobelny et al., 
Binrhem. B Snphvs. Rea. Commun. . 169, p. 1111 (1990)). 

It is further understood that binding of 
competitive inhibitors to HIV protease is optimally 
25 accon5>lished by having the inhibitor traverse a volume 
overlapping that occupied by the native polypeptide 
substrate when it is bound to the active site of the 
enzyme. Effective HIV protease inhibitors typically 
have a relatively small difference in energy between 
30 their bound and free states (i.e., a small deformation 
energy of binding). The most preferred HIV protease 
inhibitors of this invention have a def ornation energy 
of binding of not greater than 10 kcal/mole 
(preferably, not greater than 7 kcal/mole) . It should 
35 be noted, however, that HTV protease inhibitors may 
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interact with HIV protease in more than one 
conformation which is similar in overall binding energy 
(see K.H.M. Murthy, J. Biol, Chem. , 267, (1992)). In 
those cases I the deformation energy of binding is taken 
5 to be the difference between the energy of the free 
coapoxmd and the average energy of the conformations 
observed when the inhibitor binds to the enzyme. 

Furthermore, it is iinderstood that the most 
effective protease izihibitors also lack repulsive 

10 electrostatic interaction with the target protease in 
their bound state. Such non-conplementary (e.g., 
electrostatic) interactions include repulsive charge- 
charge, dipole-dipole and charge -dipole interactions. 
Specifically, in the most preferred HIV protease 

15 inhibitors of this invention, the sum of all 

electrostatic interactions between the conpoimd and the 
enzyme when the compound is bound to HIV protease makes 
a neutral or favorable contribution to the enthalpy of 
binding. 

20 Preferred compounds characterized by the 

above features (l)-(e) are compounds of formula XL: 

(XL) 

wherein: 

and are independently hydrogen bond 
25 acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an HIV aspartyl 
protease, with the proviso that at least one of or 
is more highly polar izable than a carbonyl; 

M is a hydrogen bonding moiety, which may be 
30 either a hydrogen bond donor or acceptor, capable of 

simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspartyl protease? 
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and are independently acyclic or cyclic 
linker moieties; and 

each of and may be optionally present 
sind, if present, are independently selected from groups 
5 which occupy a voliame of space overlapping with the 
volume of space that would be filled by the native 
substrate of said HIV aspartyl protease. 

More preferred compounds of formula XL 
contain at least one group or comprising -SOj-. 

10 Most preferrred confounds of formula XL contain at 
least one group or comprising a sxibstituted 
sulfonisunide. 

In one embodiment of this invention, 
coir?)Ounds of formula XL may be further constrained by 

15 "conformational locks", such as a macrocyclic ring 

* structure. Such constraints are well known in the art 
of peptidomimetics and may result in compoxinds with 
strong biological activity. See, for exaiqple, Dhanoa, 
D.S. et al. "The Synthesis of Potent Macrocyclic Renin 

20 Inhibitors" T^i^rahedron Lett, 33, 1725 (1992) and 

Flyxm, G.A. et al. "An Acyl-Iminium Ion Cyclization 
Route to a Novel Conf ormationally Restricted Dipeptide 
Mimic: Applications to Angiotensin- Converting Enzyme 
Inhibition" J.Am, Chem. Soc, 109, 7914 (1989)). 

25 This invention also includes novel methods 

for accurate identification, design, or prediction of 
HIV inhibitors characterized by structural and 
physicochemical features (1) through (6) . By virtue of 
these methods, the skilled artisan can routinely 

30 predict and produce particularly effective HIV protease 
inhibitors. 

We have foixnd that the following method for 
identification, design or prediction of effective HIV 
protease inhibitors is particularly useful; 
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(a) eelecting a candidate compound of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety # at least one of 
which is more highly polarizable than a carbonyli said 

5 moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 

(b) determining a low- energy 

10 conformation for binding, of said compound to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 

15 HIV aspartyl protease when said compound is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substantially hydrophobic moieties to associate with 
the and P^' binding pockets of said HTV aspartyl 

20 protease when said compoiind is bound thereto in said 
conformation; 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
Asp25 and Asp25' of said HIV aspartyl protease when 

25 said compound is bound thereto in said conformation; 

(f) evaluating the overlap of the 
occupied voliime of said confound when said coznpoimd is 
bound to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 

30 substrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said compound to said HIV aspartyl 

35 protea9e; 
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(h) evaluating the enthalpic 
contribution of the s\m of all electrostatic 
interactions between said coinpoimd and said EXV 
aspaurtyl protease when said ccnpound is bouxid thereto 

5 in said conformation; and 

(i) accepting or rejecting said 
candidate conpoimd as an BIV protease inhbitor based 
upon the determinations and evaluations carried out in 
steps (b) through (h) . 

xo Using the novel combination of steps set 

forth in this screening method, the skilled artisan can 
advantageously avoid time consiaming and expensive 
experimentation to determine enzymatic inhibition 
activity of particular compounds. The method is also 
15 useful for facilitating rational design of HTV protease 
inhibitors and ant i -HIV viral agents, including 
therapeutic and prophylactic agents against HIV 
infection. Accordingly, the present invent i«i relates 
to such inhibitors and anti- viral agents produced by 
.20 the screening method described above. 

A variety of conventional techniques may be 
used to carry out each of the above evaluations. 
Generally, these techniques involve determining the 
location and binding proximity of a given moiety, the 
25 occupied volume of space of a boxind con5)o\ind, the 

deformation energy of binding of a given confound and 
electrostatic interaction energies. Examples of 
conventional techniques useful in the above evaluations 
include: quantum mechanics, molecular mechanics, 
30 molecular dynamics, Monte Carlo sampling, systematic 
searches and disteoxce geometry methods (G.R. Marshall, 
^nn , Ref . P harmacol . Toxicol . , 27, p. 193 (1987)). 
Specific conputer software has been developed for use 
in carrying out these methods. Examples of programs 
35 designed for such uses include: Gaussian 92, revision C 
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(M.J. Prisch, Gaussian, Inc., Pittsburgh, PA «^1992) ; 
AMBER, version 3.0 (U.C. Singh, University of 
California at San Francisco, ^1992) ; QUANTA/ CHARMM 
(Molecular Simulations, Inc., Burlington, MA •^1992); 
5 and Insight II/Discover (Biosysm Technologies Inc. , San 
Diego, CA •^1992) . These programs may be implemented, 
for instance, using a Silicon Graphics workstation, 
IRIS 4D/35 or IBM RISC/6000 workstation model 550. 
Other hardware systems and software packages will be 
10 known and of evident applicability to those skilled in 
the art. 

Additional analysis of the actual detailed 
interactions of the HIV protease -inhibitor complex can 
be employed to ascertain more specifically the binding 

15 associations between the enzyme and the bound 

inhibitor. Such analysis may be carried out, for 
example, by studying a solution of the complex by 
single- and multi- dimensional NMR techniques. 
Advantageously, the enzyme and/ or the inhibitor may be 

20 enriched with stable isotopes such as "c, and to 
more easily determine binding conformation and 
proximity. Techniques, such as isotope editing, may be 
used to enhance the resolution with which the 
interactions are observed. 

25 Either as an alternative or a supplemental 

analysis, the HIV protease- inhibitor conplex may be 
studied by single crystal X-ray diffraction. The 
process of determining the structures of 
protein/inhibitor complexes using the X-ray techniques 

30 described above is well known and has been used for 
many different complexes (see T.L. Blundel and L.N. 
Johnson, Protein Crystallography. Academic Press, 
(1976) and pflgt:hPgg %n gp^syniolpqy, volumes 114 and 115, 
H.W. Wyckoff et al., eds., Academic Press (1985)). 
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This technique can employ/ for instance, a highly 
purified preparation of HIV protease coirplexed with an 
inhibitor of interest in a buffered solution 
(typically at a pH of between about 4*5 and about 8.0) . 
5 The coit^jlex is allowed to crystallize in the presence 
of a precipitation agent (such as amcaonium sulfate) 
under conditions which yield single crystals of the 
coir?)lex. Specific conditions for crystallizing HIV 
protease with various inhibitors have been well 

10 documented (see, for exanple, 6.B. Dreyer et al., 

Biochemistry . 31, p. 6646 (1992)). Application Of a 
concentrated X-ray beam to an appropriately prepared 
and mounted crystal (preferably, an X-ray beam from a 
rotating anode X-ray generator or synchrotron) will 

15 yield a diffraction pattern from the reflected X-ray 
beam. 

Detection of the diffracted rays may be 
carried out by visualizing photographic paper exposed 
to the diffracted X-rays or alternatively, by using a 

20 multiwire area detector (such as that manufactured by 
Siemens Analytical X-Ray Instruments , Inc . (Madison, 
WI) ) or an R-axis II image plate system from Rigaku 
Corporation (distributed by Molecular Structure 
Corporation, The Woodlands, TX) . Other systems for 

25 generating and collecting X-ray diffraction data will 
be known to those of ordinary skill in the art. 

Refinement of the X-ray diffraction data 
yields a three dimensional structure. Computer 
software (such as X-PLOR (Yale University, «^1992, 

30 distributed by Molecular Simulations, Inc.) has been 
developed to carry out this refinement. 

In general, using the above techniques with 
an appropriately prepared crystalline complex, a 
structure may be refined to about 2-3 A with an R value 

35 of about 0.25 or less. As the skilled artisan can 
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appreciate! these values are adequate to determine the 
interactions between HIV protease and a given conpound 
such that it will be clear if features (1) through (6) 
are present and consequently, whether that given 
5 conpoxmd is an HIV aspartyl protease inhibitor. Thus, 
additional inhibitors according to this invention may 
be designed and predicted based on a combination of 
crystallographic structural information and 
computational analysis. 
10 For example, to predict the binding of a 

candidate inhibitor according to this invention, the 
inhibitor is examined to determine whether the molecule 
contains functionality which is not well represented by 
the existing f orcef ield models in CHTIRMM (Molecular 
15 . Simulations Incorporated, Burlington, MA) or AMBER 

(Professor P,A- Kollman, UCSF) . If any functionality 
is not well represented, we then examine all published 
structural information for molecules containing such 
functionality, and in some cases perform high-level ab 
20 initio calculations on sixnple molecules containing 
these functionalities to determine their preferred 
conformations and the energy differences between 
various conformations. More accurate parameters 
describing these functional groups may then be derived 
25 for the CHARMM and/or AMBER f orcef ields cmd used in 
siibsequeht calculations. 

Next, the candidate inhibitor is aligned in 
3 -dimensional space with other, related inhibitors 
whose bound conformations have previously been 
30 determined by x-ray crystallography. Both Van der 

Walls volume and electrostatic potentials are used to 
direct the alignment process. The alignment is 
typically done with software like Quanta (Molecular 
Sizmilations) or Insightll (Biosym Technologies, San 
35 Diego, CA) . This alignment can be done manually within 
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this software I or more automated aligsment procedures 
within the software (e.g. the "superiitpose" option of 
Quanta or the "APEX** module of Insightll) may be used. 
The result of this alignment is a first guess of the 
5 "bound" conformation of the candidate inhibitor. This 
inhibitor is then docked in the active site of HIV 
protease, and the confomation is energy minixnized with 
the enzyme atoms held fixed in space. These 
minimizations are typically done using the CHARMM or 
10 AMBER forcefields. 

Because inhibitors can sometimes bind in 
multiple or unesqpected conformations within an active 
site, we often then carry out. further searches of the 
bound conformation of the enzyme -inhibitor con5)lex. 
15 For example, a variety of Monte Carlo search techniques 
(e.g. as found in the Conformational Search Module of. 
Quanta) may be used, along with high-teii5)erature 
dynamics and simulated annealing . These search 
techniques reveal whether there are alternative, 
20 reasonable low- energy confomrations in which the 
inhibitor may bind to the enzyme. The effects of 
solvation and desolation in the formation of the 
various enzyme -inhibitor conqplexes may be estimated 
with programs such as DELPHI (Biosym) , Polaris 
25 (Molecular Simulations) and AMSOL (Professor C. Cramer,. 
University of Minnesota) . The result of this searching 
is a set of one or more bound conformations for the 
candidate inhibitor. 

For each of the low- energy conformations, 
30 waters may then be added to the active site of the 
enzyme smd the entire system relaxed. Finally, 
molecular dynamics simulations may be used to study the 
detailed motions of the enzyme, the in h i b itor, and 
related water molecules. 
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The final set of remaining low- energy 
conformations (typically a very small nximber) 
represents our predictions of the bound conformation of 
the candidate inhibitor. Each conformation includes 
5 our estimate of the dynamic flexibility of the entire 
system (inhibitor, enzyme, and waters) • 

The more advanced methodology is typically 
applied to the study of the first few compounds in a 
series, when there are the greatest xincertainties about 

10 the possible binding mode(8) in the enzyme active site. 
For later compounds within a series, the low energy 
conformers obtained from the seeurches on earlier 
compounds provide information about the poissible low 
energy conformers of the inhibitor compoxinds. In 

15 addition, crystallographic information about the 

conformation of the bound conqplexes of earlier 

con?)ounds within a series is often available. This 

prior computational and structural work advantageously 

facilitates the prediction of the bound conformation of 

20 candidate inhibitor molecules. 

* . ■ ■ - 

To exemplify the cibove screening method, we 

have carried out the following evaluation of conpoiind 

140 (TadDle II) , a preferred confound of this invention, 

as described below. 

25 Prediction of Binding Conformation and Energy of 
Compound 140 to HIV Protease 

The forcefield for the benzenesulf onamide 
portion of compound 140 was derived from ab initio 
calculations and incorporated into the AMBER 

30 forcefield* The latest CHARMM forcefield parameters 
for this moiety were found to be adequate for energy 
minimization studies and are used in all Quanta/CHARMM 
calculations. 
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The low energy confoxmers obtained from the 
conformational searches on earlier confounds in the 
sulfonamide series (such as compound 16) provided 
information about the possible low energy conformers of 
5 compoxnad 140, These low energy conformers were aligned 
in 3 -dimensional space with other related inhibitors 
whose bound conformations have previously been 
determined by x-ray crystallography. This alignment 
process was carried out manually within Quanta and, in . 

10 some cases, was assisted with Jthe "conformational 
search" option of Quanta. The reference crystal 
structure used in this alignment was the complex of 
HIV-1 protease with campoMad 16. This inhibitor 
structure was energy minimized in the active site of 

15 the enzyme using Quanta/ C3IARM. The enzyme atoms were 
held fixed during this minimization. Only the flap 
water was included. Later simulations allowed the 
enzyme to relax and used a variety of dielectric 
approximations. A single low- energy conformation which 

20 was consistent with all previous conformational 

simulations and crystallographic data was obtained (see 
Figure 1) . This predicted binding conformation was 
later found to be essentially in agreement with the 
results obtained by x-ray crystallography (see Figures 

25 2 and 3) . 

As discussed above, the novel contpounds of 
the present invention are excellent ligands for 
aspartyl proteases, particularly HIV-l and HIV- 2 
proteases. Accordingly, these compounds are capable of 

30 targeting and inhibiting late stage events in HIV 
replication, i.e., the processing of the viral 
polyproteins by HIV encoded proteases. Such compotmds 
inhibit the proteolytic processing of viral polyprotein 
precursors by inhibiting aspartyl protease. Because 

35 aspartyl protease is essential for the production of 
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nature virions, ixihibition of that processing 
effectively blocks the spread of virus by inhibiting 
the production of infectious virions, particularly from 
chronically infected cells. Conqpounds according to 
5 this invention advcmtageously inhibit the ability of 
the HIV-1 virus to infect immortalized human T cells 
over a period of days, as determined by an assay of 
extracellular p24 antigen --a specific marker of viral 
replication. Other anti-viral assays have confirmed 

10 the potency of these conpounds. 

The compounds of this invention may be 
enployed in a conventional manner for the tr e at m ent of 
viruses, such as HIV and HTLV, which depend on aspartyl 
proteases for obligatory events in their life cycle. 

15 Such methods of treatment, their dosage levels and 

requirements may be selected by those of ordinary skill 
in the art from available methods and techniques. For 
exaxi^le, a compound of this invention may be co m b ine d 
with a pharmaceutical ly acceptable adjuvant for 

20 administration to a virally- infected patient in a 

pharmaceutically acceptable manner aind in an amoiint 
effective to lessen the severity of the viral 
infection. 

Alternatively, the compoiinds of this 
2.5 invention may be used in vaccines and methods for 

protecting individuals against viral infection over an 
extended period of time. The coitpounds may be employed 
in such vaccines either alone or together with other 
compounds of this invention in a manner consistent with 
30 the conventional utilization of protease inhibitors in 
vaccines. For exaxaple, a conqpound of this invention 
may be combined with pharmaceuticjally acceptable 
adjuvants conventionally employed in vaccines and 
administered in prophylactically effective amounts to 
35 protect individuals over an extended period time 
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against HIV infection. As such, the novel protease 
inhibitors of this invention can be administered as 
agents for treating or preventing HIV infection in a 
mammal • 

5 The conpounds of formula I, especially those 

having a molecular weight of less than about 700 
g/mole, may be readily absorbed by the bloodstream of 
mammals upon oral administration. Compounds of fosrmula 
I having a molecular weight of less than about 600 

10 g/mole are most likely to demonstrate oral 

availability. This surprisingly impressive oral 
availability makes such conqpounds excellent agents for 
orally-administered treatment and prevention regixnens 
against HIV infection. 

15 The compounds of this invention may be 

administered to a healthy or HIV-infected patient 
either as a single agent or in combination with other 
anti -viral agents which interfere %n.th the replication 
cycle of HIV. By administering the coznpounds of this 

20 invention with other anti-viral agents which target 
different events in the viral life cycle, the 
therapeutic effect of these compounds is potentiated. 
For instance, the co- administered ant i -viral agent can 
be one which targets early events in the life cycle of 

25 the virus, such as cell entry, reverse transcription 

and viral DNA integration into cellular DNA. Anti-HIV 
agents targeting such early life cycle events include, 
didanosine (ddl) , alcitabine (ddC) , d4T, zidovudine 
(A2T) , polysulfatiBd polysaccharides, sT4 (soluble CD4) , 

30 ganiclovir, dideoxycytidine, trisodium 

phosphonoformate, eflomithine, ribavirin, acyclovir, 
alpha interferon and trimenotrexate . Additionally, 
non- nucleoside inhibitors of reverse transcriptase, 
such as TIBO or nevirapine, may be used to potentiate 

35 the effect of the compounds of this invention, as may 
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viral uncoating inhibitors, inhibitors of trans - 
activating proteins such as tat or rev, or inhibitors 
of the viral integrase. 

Coznbination therapies according to this 

5 invention exert a synergistic effect in inhibiting HIV 
replication because each conqponent agent of the 
combination acts on a different site of HIV 
replication. The use of such cooiibinations also 
advantageously reduces the dosage of a given 

10 conventional anti- retroviral agent which would be 
required for a desired therapeutic or prophylactic 
effect as compared to when that agent is administered 
as a monotherapy. These combinations may reduce or 
eliminate the side effects of conventional single anti- 

15 retroviral agent therapies while not interfering with 
the anti- retroviral activity of those agents. These 
combinations reduce potential of resistance to single 
agent therapies, while minimizing any associated 
toxicity. These conAsinations may also increase the 
' 20 efficacy of the conventional agent without increasing 
the associated toxicity. In particular, we have 
discovered that these compounds act synergistically in 
preventing the replication of HIV in hximan T cells. 
Preferred combination therapies include the 

25 administration of a compound of this invention with 
AZT, ddl, ddC or d4T. 

Alternatively, the conpounds of this 
invention may also be co- administered with other HIV 
protease inhibitors such as Ro 31-8959 (Roche), 

30 L- 735, 524 (Merck), XM 323 (Du-Pont Merck) and A-80,987 
(Abbott) to increase the effect of therapy or 
prophylaxis against various viral mutants or members of 
other HIV quasi species. 

We prefer administering the conpounds of this 

35 invention as single agents or in coinbination with 
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retroviral reverse transcriptase inhibitors, such as 
derivatives of AZT, or other HIV aspartyl protease 
inhibitors. We believe that the co- administration of 
the conpoiinds of this invention with retroviral reverse 
5 transcriptase inhibitors or HIV aspartyl protease 

inhibitors may exert a substantial synergistic effect, 
thereby preventing, substantially reducing, or 
conpletely eliminating viral inf ectivity and its 
associated symptoms. 
10 The coznpounds of this invention can also be 

administered in coxnbination with immunomodulators 
(e.g., bropirimine, anti -human alpha interferon 
antibody, IL-2, GM-CSF, methionine enkephalin, 
interferon alpha, diethyldithiocarbamate, tumor 
15 necrosis factor, naltrexone and rEPO) ; cuad antibiotics 
(e.g., pentamidine isethiorate) to prevent or combat 
infection and disease associated with HIV infections, 
such as AIDS and ARC. 

When the ccnqpoimds of this invention are 
'20 administered in combination therapies with other 
agents, they may be administered sequentially or 
concurrently to the patient. Alternatively, 
pharmaceutical or prophylactic compositions according 
to this invention may be comprised of a combination of 
25 an aspartyl protease inhibitor of this invention and 
another therapeutic or prophylactic agent. 

Although this .invention focuses on the use of 
the compoxinds disclosed herein for preventing and 
treating HIV infection, the compounds of this invention 
30 can also be used as inhibitory agents for other viruses 
which depend on similar aspartyl proteases for 
obligatory events in their life cycle. These viruses 
include, as well as other AIDS* like diseases caused by 
retroviruses, such as simian immunodeficiency viruses, 
35 but are not limited to, HTLV-I and HTLV-II. In 
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addition, the con?)Oxmds of this invention may also be 
used to inhibit other aspartyl proteases , amd in 
psurticular, other human aspartyl proteases, including 
renin and aspartyl proteases that process endothelin 
5 precursors. 

Pharmaceutical compositions of this invention 
comprise any of the compounds of the present invention, 
and phcuimaceutically acceptable salts thereof, with any 
pharmaceutically acceptable carrier, adjuvant or 
10 vehicle. Pharmaceutically acceptable carriers, 
adjuvants and vehicles that may be used in the 
phaunnaceutical compositions of this invention include, 
but are not limited to, ion exchemgers, alxmina, 
aluminum stearate, lecithin, serum proteins, such as 
15 human serum albximin, buffer substances such as 

phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 
sulfate, disodium hydrogen phosphate, potassium 
20 hydrogen phosphate, sodium chloride, zinc salts, 

colloidal silica, magnesium trisilicate, polyvinyl 
pyrrolidone, cellulose-based substances, polyethylene 
glycol, sodium carboxymethyl cellulose, polyacrylates, 
waxes, polyethylene-polyoxypropylene-block polymers, 
25 polyethylene glycol and wool fat. 

The pharmaceutical compositions of this 
invention may be administered orally, parent erally, by 
inhalation spray, topically, rectally, nasally, 
buccally, vaginally or via an in?>lanted reservoir. We 
30 prefer oral administration or administration by 

injection. The pharmaceutical conqpositions of this 
invention may contain any conventional non- toxic 
pharmaceutically- acceptable carriers, adjuvants or 
vehicles. The term parenteral as used herein includes 
35 subcutaneous, intracutaneous, intravenous, 
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intramuscular, intra -articular, intrasynovial , 
intrastemal, intrathecal, intralesional and 
intracranial injection or infusion techniques. 

The pharmaceutical conqpositions may be in the 
5 form of a sterile injectable preparation, for example, 
as a sterile injectable aqueous or oleaginous 
suspension. This suspension may be fonmilated 
according to techniques known in the art using suil:able 
dispersing or wetting agents (such as, for example, 
10 Tween BO) and suspending agents. The sterile 

injectable preparation may also be a sterile injectable 
solution or suspension in a non- toxic parenterally- - 
acceptable diluent or solvent, for example, as a 
solution in 1,3-butanediol. Among the acceptable 
15 vehicles and solvents that may be enployed are 

mannitol, water. Ringer's solution and isotonic sodium 
chloride solution. In addition, sterile, fixed oils 
are conventionally en5)loyed as a solvent or suspending 
medium. For this purpose, euiy blamd fixed oil may be 
20 employed including synthetic mono- or diglycerides . 
Fatty acids, such as oleic acid and its glyceride 
derivatives are useful in the preparation of 
injectables, as are natural pharmaceutically- 
acceptable oils, such as olive oil or castor oil, 
25 especially in their polyoxyethylated versions. These 
oil solutions or suspensions may also contain a long- 
chain alcohol diluent or dispersant such as Ph- fielv or 
a similar alcohol. 

The pharmaceutical compositions of this 
30 invention may be orally administered in eUiy orally 

acceptable dosage form including, but not limited to, 
capsules, tablets, and aqueous suspensions and 
solutions. In the case of tablets for oral use, 
carriers which are commonly used include lactose and 
35 com starch. Liibricating agents, such as magnesium 
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stearate, are also typically added. For oral 
administration in a capsule form, useful diluents 
include lactose and dried com starch. When aqueous 
suspensions are administered orally, the active 
5 ingredient is combined with emulsifying and suspending 
agents. If desired, certain sweetening and/or 
flavoring and/or coloring agents may be added. 

The pharmaceutical conpositions of this 
invention may also be administered in the form of 

10 suppositories for rectal administration. These 

compositions can be prepared hy mixing a confound of 
this invention with a suitable non- irritating excipient 
which is solid at room ten5}erature but liquid at the 
rectal temperature and therefore will melt in the 

15 rectum to release the active components. Such 

materials include, but are not limited to, cocoa 
butter, beesweuc suid polyethylene glycols. 

Topical administration of the pharmaceutical 
compositions of this invention is especially useful 

20 when the desired treatment involves areas or orgeuis 
readily accessible by topical application. For 
application topically to the skin, the pharmaceutical 
composition should be formulated with a suitable 
ointment containing the active coniponents suspended or 

25 dissolved in a carrier. Carriers for topical 

administration of the compounds of this invention 
include, but are not limited to, mineral oil, liquid 
petroleum, white petroleum, propylene glycol, polyoxy- 
ethylene polyoxypropylene compound, emulsifying wax and 

30 water. Alternatively, the pharmaceutical . coxnposition 
can be formulated with a suitable lotion or cream 
containing the active coznpound suspended or dissolved 
in a carrier. Suitable carriers include, but are not 
limited to, mineral oil, sorbitan monostearate, 

35 polysorbate 60, cetyl esters wax, cetearyl alcohol. 
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2-octyldodecanol, benzyl alcohol and water. The 
pharmaceutical compositions of this invention nay also 
be topically applied to the lower intestinal tract by 
rectal suppository formulation or in a suitable enema 
5 formulation. Topically-tfansdermal patches are also 
included in this invention. 

The pharmaceutical compositions of this 
invention may be administered by nasal aerosol or 
inhalation. Such compositions are prepared according 

10 to techniques well-known in the art of phazmaceutical 
formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable 
preservatives, absorption promoters to enhance 
bioavailability, f luorocarbons, and/or other 

15 solubilizing or dispersing agents known in the art. 

Dosage levels of between about .01 and about 
100 mg/kg body weight per day, preferably between about 
0.5 and about 50 mg/kg body weight per day of the 
active ingredient compound are useful in the prevention 

20 and treatment of viral infection, including HIV 

infection. Typically, the pharmaceutical compositions 
of this invention will be administered from about 1 to 
about 5 times per day or alternatively, as a continuous 
infusion. Such administration can be used as a chronic 

25 or acute therapy. The amount of active ingredient that 
may be combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. A 
typical preparation will contain from about 5% to about 

30 95% active compound (w/w) . Preferably, such 

preparations contain from about 20% to about 80% active 
compound. 

Upon improvement of a patient's condition, a 
maintenance dose of a compound, composition or 
35 combination of this invention may be administered, if 
necessary. Subsequently, the dosage or frequency of 
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administration, or both, may be reduced, as a function 
of the syitptoms, to a level at which the inproved 
condition is retained when the synptoms have been 
alleviated to the desired level, treatment should 
5 cease. Patients may, however, require intermittent 

treatment on a long* term basis upon any recurrence of 
disease symptoms. 

As the skilled artisan will appreciate, lower 
or higher doses than those recited above may be 

10 required. Specific dosage and treatment regimens for 
any particular patient will depend upon a variety of 
factors, including the activity of the specific 
compound employed, the age, body weight, general health 
status, sex, diet, time of administration, rate of 

15 excretion, drug combination, the severity eind course of 
the infection, the patient's disposition to the 
infection and the judgment of the treating physician. 

The compoiinds of this invention are also 
useful as commercial reagents which effectively bind to 

20 aspartyl proteases, particularly HIV aspartyl protease. 
As commercial reagents, the ccmpounds of this 
invention, and their derivatives, may be used to block 
proteolysis of a target peptide or may be derivatized 
to bind to a stable resin as a tethered siibstrate for 

25 affinity chromatography applications. These amd other 
uses which characterize commercial aspartyl protease 
inhibitors will be evident to those of ordinary skill 
in the art.- 

In order that this invention be more fully 

30 understood, the following examples are set forth. 

These examples are for the purpose of illustration only 
and are not to be construed as limiting the scope of 
the invention in any way. 
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r^pneral Materials and Methodg 

All temperatures are recorded in degrees 
Celsius. Thin layer chromatography (TLC) was carried 
out using 0.25 mm thick E. Merck silica gel 60 F^g^ 
5 plates and elution with the indicated solvent system. 
Detection of the connpounds was carried out by treating 
the plate with an appropriate visualizing agent, such 
as 10% solution of phosphomolybdic acid in ethanol or a 
0.1% solution of ninhydrin in ethanol, followed by 

10 heating, and/or by exposure to DV light or iodine 
vapors when appropriate. Thick layer silica gel 
chromatography was also carried out using E. Merck 60 
Fjg^ plates ("prep plates") of 0.5, 1.0, or 2.0 mm 
thickness. Following development of the plate, the 

15 band of silica containing the desired compound was 
isolated and eluted with an appropriate solvent. 
Analytical HPLG was carried out using a Water's Delta 
Pak, 5 /iM silica, CIS reversed -phase column, 3.9 miii ID 
X 15 cm L with a flow rate of 1.5 roL/min using the 

20 following table: 

Mobile phase: A «*0.1% CFgCOjH in HjO 

B « 0 . 1% CFgCOjH in CH3CN 
Gradient: T = 0 min., A (95%), B (5%) 

T = 20 min., A (0%), B (100%) 
25 T « 22.5 min., A (0%), B (100%) 

Preparative HPLC was also carried out using C^^ 
reversed-phase media. HPLC retention times were 
recorded in minutes. NMR spectral data was recorded 
using a Bruker AMX500, equipped with either a reverse 
30 or QNP probe, at 500 MHz, and was taken in the 
indicated solvent. 

We have measured the inhibition constants of 
each compound against HIV-1 protease using the method 
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described essentially by M*W. Pennington et al., 
Peptides 1990 . Gimet, E. and D. Andrew, Eds-/ Escom; 
Leiden, Netherlands (1990) . 

Compounds of formula I were tested for their 
5 cuativiral potency in several virological assays* In 

the first assay, the compoxmds were added as a solution 
in dimethylsulf oxide (DMSO) to a test cell culture of 
CCRH-CEM cells, a strain of CD4**' human T-cell lymphoma 
cells, previously acutely infected with Vl^^^ih ^^^^9 

10 standard protocols (see Meek, T. D« et al., "Inhibition 
of HTV^i protease in infected T-lynphocytes by 
synthetic peptide analogues". Nature . 343, p. 90 
(1990). Preferred conqpounds are those which are able to 
inhibit 90% of viral infect ivity at a concentration of 

15 1 /iM or less. More preferred cozripounds are those which 
are able to inhibit 90% of viral inf ectivity at a 
concentration of 100 nM or less. 

The effect of the compounds on inhibiting the 
replication of the virus was measured by determining 

20 the HIV extracellular p24 antigen concentration using a 
commercial enzyme imcminoassay (obtained from Coulter 
Corporation, Hialeah, FL) • 

Depending on the cell type and the desired 
readout, syncytia formation, reverse - transcriptase (RT) 

25 activity, or cytopathic effect as assayed by a dye 

uptake method may also be used as readouts of antiviral 
activity. See H. Mitsuya and S. Broder, "Inhibition of 
the ia vitro inf ectivity and cytopathic effect of human 
T-lympho tropic virus type Ill/lyraphoadenopathy- 

30 associated virus (HTLV-III/LAV) by 2',3>- 

dideoxynucleosides", Proc, Natl. Acad, Sci. USA, 
vol. 83, pp. 1911-1915 (1986). The effect of compounds 
of formula I on clinical isolates of other HIV-1 
strains was determined by obtaining low-passaged virus 

35 from HIV-infected patients and assaying the effect of 
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the inhibitors in preventing infection of the HIV virus 
in freshly prepared human peripheral blood mononuclear 
cells (PBMCs) . 

Insofar as compounds of fonmila I are able to 
5 inhibit the replication of the HIV virus in himicm 

T- cells and furthermore, may be delivered orally to 
mammals, they are of evident clinical utility for the 
treatment of HIV infection. These tests are predictive 
of the compounds ability to inhibit HIV protease in 
10 vivo - 

A. Compound XI ( (syn) -OH, D' = benzyl) . 184 g of 
Brodanam Super I grade neutral alximina was slurried in 
sufficient diethyl ether to form a thick, stirrable 

15 suspension and was treated with 7.48 mL of behzylamine . 
After stirring for 5 min, 7.28 g of (1S,2S) -1- (N- 
benzyoxy carbonyl ) • amino * 2 - phenyl ethyl - oxirane was added 
and the mixture stirred for 15 h. The mixture was 
treated with 15.28 g of di-tert-butylpyrocarbonate and 

20 4.70 mL of diisopropylethylamine. This mixture was 
stirred for 3.5 h, then treated with 600 mL of 
methanol, allowed to stand for 3.5 h, and filtered to 
yield a yellow oil, which was purified by silica gel 
chromatography using a gradient of 0.5 to 1.5% methanol 

25 in methylene chloride to yield 3.88 g of the desired 
product as a white solid. Further washing the filter 
cake with methanol and with 3% ammonium hydroxide in 
methanol yielded 2.2 g of 4-benzylamino-2TN- 
benzyloxycarbonylamino- 3 - hydroxy- 1 -phenyllbutane in 

30 several portions. Each of these portions was treated 
separately, as a solution in methylene chloride, with 
1.1 molar equivalents each of di-tert 
butylpyrocarbonate and diisopropylethylamine, followed 
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by aqueous wor)cup with water, 10% aqueous KHSO4, 
brine, drying over MgSO^, and concentration in vacuo. 
The combined products of these reactions were purified 
by silica gel chromatography using a gradient of 5% to 
5 15% diethyl ether in methylene chloride. The resulting 
pure fractions were collected and conibined with the 
previously purified product to yield 5.49 g of a white 
solid. TLC: Rf - 0.56, 5% methanol/CH2Cl2; (^H) -NMR 
(CDCI3) consistent with structure. 

io B. Compound XII ( (syn) -OH, D* ^ benzyl). A solution 
of 5.49 g of the resulteuit conqpound of Exanqple lA in 
40 mL of ethanol was hydrogenated under a slight 
positive pressure of hydrogen in the presence of 380 mg 
of 10% palladium on carbon for 16 h. After filtering 

15 and concentrating in vacuo, the desired product was 

obtained as 4.03 g of a white solid. TLC: Rf - 0.21, 
95:5:0.5 CH2Cl2/methanol/concentrated NH^OH. 

C. Compound XIII ( (syn) -OH, A « benzyloxycarbonyl , 
D* « benzyl). A solution of 3.02 g of the resultemt 

20 conpound of Example IB in 150 mL of methylene chloride 
was treated with 4.35 g of N^-Cbz-N^-trityl asparagine, 
1.16 g of hydroxybenzotriazole hydrate, and 1.64 g of 
1- (3"dimethylaminopropyl) -3-ethylcarbodiixnide 
hydrochloride. The mixture was stirred for 16 h, then 

25 diluted with 3 volumes of diethyl ether and washed 

sequentially with water, saturated NaHC03 solution, 10% 
KHSO4 solution, and brine. After drying over MgS04 and 
concentrating in vacuo, a yellow oil was obtained which 
was purified by chromatography on a Florisil column 

30 using a gradient of 0% to 25% EtOAc in CH2CI2 as eluant 
to yield 8.00 g of the title coxnpound as a white foam. 
TLC: Rf « 0.51, 5% methanol/CH2Cl2; {^H)-NMR (CDCI3) 
consistent with structure. 
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D. Confound XIV ( (syn) -OH, A « H, D' = benzyl), A 
solution of 7.90 g of the resultant conipound of 
Example IC in 150 mL of ethanol was hydrogenated \mder 
a slight positive pressure of hydrogen int he presence 
5 of 550 mg of 10% palladium on carbon for 2.5 b, then 
ca. 50 mg more i0% palladium on carbon was added, the 
mixture was then filtered euid concentrated in vacuo to 
give the desired product as 6.66 g of a white solid 
which was used without subsequent purification. TLC: 
10 Rf « 0.26, 95;5:0.5 CHjClj/methanol/concentrated NH^OH. 

E- Compound XIV ( (syn) -OH, A « quinoline-2-carbonyl, 
D' « benzyl) . A suspension of 1.51 g of quinaldic acid 
and 6.17 g of the resultant conpound of Example ID in 
150 mL of acetonitrile was treated with 1.52 xnL of 

15 diisopropylethylamine cind 3.58 g of BOP reagent. The 
mixture was stirred for 14 h, then concentrated 
in vacuo . The gummy residue was partitioned between 
ether and water, and the organic layer was washed 
sequentially with brine, saturated NaHC03 solution, 

20 water, 10% KHSO4 solution, and brine, then dried over 
MgSO^ and concentrated in vacuo. Subsequent 
purification by silica gel chromatography using 0% to 
8.5% solvent A in methylene chloride (where solvent A 
is defined as 90:10:1, methylene chloride/methanol/ 

25 concentrated ammonium hydroxide) yielded 5.79 g of the 
title compound as a white foam, along with ca. 600 mg 
of slightly iirpure side fractions. TLC: Rf « 0.41, 5% 
methanol/CHjClj; (^H)-NMR (CDCI3) consistent with 
structure. 

30 F. Compound 1. A 58 mg portion of the resultant 
confound of Example IE was treated with l mL of 90% 
aqueous TFA and allowed to stauid for 17 h. The mixture 
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was concentrated in vacuo and the residue taken up in 
3 niL of CH2Cl2# treated with 100 fiL of DIEA, and cooled 
to O^C. To this solution was added 26 of 
benzenesulfonyl chloride, and the mixture was stirred 
5 for 18 h, v/arming slowly to ambient temperature. After 
concentration of the mixture in vacuo, the residue was 
purified by thick layer silica gel chromatography using 
5% MeOH/CH2Cl2 as eluant followed by preparative 
reversed-phase C^3 HPLC using a linear gradient of 40% 

10 to 100% CH3C3V/H2O with 0.1% TFA for elution to obtain 
8.3 xng of the title compound. TLC: Rf » 0.50, 5% 
MeOH/OIjClj. HPLC: Rt « 17.6 min. NMR (DMS0-de)6 2.62 
(dd, IH); 2.76 9d, 2H) ; 2.80 (dd, IH) ; 3.11, (d, 2H) ; 
3.34 (dd, IH); 4.59 (br s, IH) ; 4.68 (br s, IH) ; 3.97 

15 (m, IH); 4.20 (d, IH) , 4.35 (d, IH) ; 4.68 (dd, IH) ; 

6.39 (d, IH); 6.74 (t, IH) ; 6.81 (t, 2H) ; 6.93 (d, 2H) ; 
7.12-7.24 (m, 6H) ; 7.51 (t, 2H) ; 7.57 (t, IH) ; 7.62 
(dd, IH); 7.77 (t, 2H) , 7.96 (d, IH) ; 8.09 {d, IH) ; 
8.16 (d, IH); 8.31 (d, IH) ; 8.53 (d, IH) . 

20 Example 2 

Compound 2. A 150 mg portion of the 
resulteuit compound of Example IE was dissolved in 1 mL 
of 90% aqueous TFA euid stirred at axnbient texnperature 
overnight, then concentrated in vacuo. The crude TFA 

25 salt residue was dissolved in 7 mL of dry methylene 
chloride and the pH of the solution was adjusted to 
pH 8 with IN NaOH. 56 mg of a mixture of 4-fluoro-3- 
acetamidobenzene sulfonyl chloride and 3-fluoro-4- 
acetamidobenzenesulfonyl chloride (~1:1) was added and 

30 the mixture stirred vigorously for 3 hours after which 
an additional 25 mg was added and the reaction allowed 
to continue for an additional 12 hours. The reaction 
was then diluted with 50 mL of ethylene chloride and 
the organic layer was washed sequentially with water 
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and brine, dried over MgSO^ and concentrated in vacuo. 
The crude residue was purified using a silica gel flash 
chromatography column using a gradient of 3% to 5% MeOH 
in methylene chloride as eluant to yield 60 mg of the 
5 title compounds. TLC; Rf = 0.50, 10% MeOH/CHjClj; 

HPLC: Rt « 13.93 min. NMR {CDCI3) : 69.05 (s, 1H> ; 8.65 
(d, 0.5H); 8.58 (t, 0.5H), 8.20 (dd, 0.5H), 7.85 (d, 
IH) 7.75 (m, 0.5H), 7.45-7.63 {m, 1.5H), 7.14-7.25 (m, 
6H), 6.78-6.95 (m, 5H) , 6.70 (d, IH) , 6.41 (s, 0.5H) , 
10 6.25 (8, 0.5H), 6.18 (S, 0.5H), 6.10 (s, 0.5H) , 4.88 

(m, 0.5H), 4.81 (m, 0.5H), 4.37 (d, IH) , 4.35 (m, IH) , 
4.21 (d, IH), 4.00 (m, IH), 3.46 (m, 0.5H), 3.35 (m, 
0.5H), 3.27 (d, 0.5H), 3.16 (d, 0.5H), 3.14 (d, IH) , 
2.45-2,75 (m, 5H); 2.16, 2.20 (2 s, 3H total). 

15 gxgmpXe 3 

Coii?>ound 3 . A 23 mg portion of the resultant 
compound of Exaii5)le IE was treated with l mL of 90% 
aqueous TFA and allowed to stand for 15 h. The mixture 
was concentrated in vacuo and the residue taken upon in 

20 2 mL of CH2Cl2r treated with 6 fih of DIEA, and cooled 
to O^C. To this solution was added 23 mg of 3,5- 
dimethylisoxazole-4-sulf onyl chloride, and the mixture 
was stirred for 18 h, warming slowly to anibient 
temperature. After concentration of the mixture 

25 in vacuo, the residue was purified by preparative 

reversed -phase C-jg HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 
1.1 mg of the title coitqpoimd. TLC: Rf = 0.55, 10% 
MeOH/CH2Cl2. HPLC: Rt » 14.5 min; (^H)^NMR (CDClg) 

30 consistent with structure. 
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Compound 4. A 33 mg portion of the resultant 
coznpound of Exainple IB was treated with l mL of 90% 
aqueous TFA and allowed to stand for 15 h. The mixture 
5 was concentrated in vacuo and the residue taken up in 
3 mL of CH2CI2, treated with 16 fih of DIEA, and cooled 
to O^C. To this solution was added 10 /iL of 3- 
trifluoromethylbenzene sulfonyl chloride, and the 
mixture was stirred for 18 h, warming slowly to ambient 

10 tenqperature • After concentration of the mixture 
in vacuo, the residue was purified by preparative 
reversed* phase C<,g HPLC using a linear gradient of 35% 
to 100% CH3CaT/H20 with 0.1% TFA for elution to obtain 
1.1 mg of the title COTipound. TLC: Rf » 0.55, 10% 

15 MeOH/CH2Cl2- HPLC: Rt = 14.5 mini? (^H) -NMR (CDCI3) 
consistent with structure. 

pxamp;Lg $ 

Compound 5. A 20 mg portion of the resultant 
gompound of Example IE was treated with 1 mL of 90% 

20 aqueous TFA and allowed to stemd for 18 h. The mixture 
was concentrated in vacuo and the residue taken up in 
1 mL of CH2Cl2f treated with 10 tih of DIEA, and cooled 
to 0**C. To this solution was added 13 mg of 2- 
acetamido- 4 -methyl - 5 - thiazolesulf onyl chloride , and the 

25 mixture was stirred for 17 h, warming slowly to ambient 
tenperature. After concentration of the mixture 
in vacuo, the residue was purified by preparative 
reversed -phase C-|q HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 

30 0.40 mg of the title compound. TLC: Rf = 0.5, 10% 
MeOH/CH2Cl2. HPLC: Rt « 13.8 min; (^H)-NMR (CDCI3) 
consistent with structure. 
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Compoiind 6. A 33 mg portion of the resultant 
conipound of Exaxnple IE was treated with 1 inL of 90% 
aqueous TFA and allowed to stand for 16 h* The mixture 
5 was concentrated in vacuo and the residue taken up in 
2 inL of CH2CI2, treated with 16 fih of DIEA, and cooled 
to 0®C. To this solution was added 11 mg of 5- 
(isoxazol-3-yl) thiophene-2-sulf onyl chloride, cuid the 
mixture was stirred for 18 h, wanning slowly to ambient 

10 temperature. After concentration of the mixture 
in vacuo, the residue ^s purified by preparative 
reversed^phase C^g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elut ion to obtain 
1.5 mg of the title compound. TLC: Rf « 0.7, 10% 

15 MeOH/CH2Cl2. HPLC: Rt = 14.7 min; (^H) -NMR (CDClg) 
consistent with structure. 

Example 7 

Conqpound 7. A 35.5 mg portion of the 
r,esultant compound of Example IE was treated with 1 mL 

20 of 90% aqueous TFA and allowed to stand for 18 h. The 
mixture was concentrated in vacuo and the residue taken 
up in 3 mL of CH2CI2, treated with 16 fih of DIEA, and 
cooled to 0®C. To this solution was added 10 mg of 3- 
chlorosulfonylbenzoic acid, and the mixture was stirred 

25 for 16 h, warming slowly to ambient temperature. After 
concentration of the mixture in vacuo, the residue was 
purified by preparative reversed -phase C^g HPLC using a 
linear gradient of 35% to 100% CH3CN/H2O with 0.1% tTFA 
for elution to obtain 1.6 mg of the title coii5)ound. 

30 TLC: Rf = 0.7, 10% MeOH/CH2Cl2. HPLC: Rt = 13.6 min; 
(^H)-NMR (CDCI3) consistent with structure. 
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Example 8 

Compound 8. 0.04 nunol of the resultant 
compound of Example lOA was converted to the free base 
by partitioning between EtOAc and sat. NaHC03. 
5 Treatment of the resulting compound with an excess of 
1% HCl/HeOH and concentration in vacuo yielded the 
hydrochloride salt as a white solid. This compound was 
suspended in CH^Cl^ and treated with sufficient DIEA to 
bring the pH to >10 (moist pH paper) . The solution was 

10 treated with 7 molar equivalents of 

chlorotrimethylsilane and stirred for 15 h under 
nitrogen, then treated with 0.06 mmol of methane 
sulfonyi chloride and stirred for 1 h. The resulting 
mixture was concentrated to a small volume, applied 

15 directly to a thick layer silica gel plate and eluted 
with 7% MeOH/CHjClj. The primary UV-quenching band was 
isolated and further purified by preparative reversed* 
phase HPLC to yield the title compound as a white 
solid. TLC: Rf = 0.65/ 10% CHjOH/CHjCl^, HPLC: Rt = 

20 12.3 min; (^H)-NMR (CDClg) consistent with structure. 

Examples 9 and 192 

A. Compound XIV ((syn, anti-OH, A = quinoline-2- 
carbonyl, D» = isobutyl) . A solution of 317 mg (0.425 
mmol) of the resultant compounds of Example 17B, 

25 diastereomer B and 0.11 mL (0.637 mmol) of 

diisopropylethyl amine in 7 mL of dichloromethane was 
treated with 139.1 mg (0.637 mmol) of di-tert-butyl 
dicarbonate. After 24 hours, the mixture was diluted 
with dichloromethane. The mixture was washed with 

30 water, 5% NaHCOg, 0.5 N HCl, brine then dried over 

^9^04, filtered and concentrated in vacuo. The residue 
was purified by low pressure silica gel column 
chromatography using a 20% ethyl 

acetate/dichloromethane as eluent to yield 81.2 mg of 
35 the fast moving hydroxyl diastereomer, 65.8 mg of the 

slower moving hydroxyl diastereomer, and 65.8 mg of the 
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mixed diastereomers . . TLC: Rf = 0.60, 0.67, 40% 
EtOAc/CHjClj; (^H)-NMR (CDCI3) consistent with 
structure. 

B. Compounds 9 and 192. A solution of 35.1 mg (0.041 
5 mmol) of the resultant mixed diastereomers (^'Itl) of 

Example 9/ 192 A in 0.8 mL of dichloromethane was treated 
with 0.8 mL of trif luoroacetic acid. After 4 hours, 
the mixture was concentrated in vacuo. TLC: Rf = 0.11, 
10% CH30H/CH2C12* To a solution of the resulting 

10 trif luoroacetic acid salt (entire yield) in 1 mL of 
dichloromethane was sequentialled added 0.3 mL of 
saturated NaHC03, a small amount of solid NaHC03 and 
11.8 mg (0.054 mmol) of ben20fura2an-4-sulphonyl 
chloride. After 3 hours, the mixture was diluted with 

15 dichloromethane. The two layers were separated and the 
aqueous layer was extracted once with dichloromethane. 
The combined organic layer was washed with brine then 
dried over MgSO^, filtered and concentrated in vacuo. 
The residue was purified by preparative HPLC to yield 

20 2.0 mg of compound 9 as a white solid: TLC: Rf = 0.20, 
5% CH3OH/CH2CI2; HPLC, RT 14.2 min. 2.7 mg of 
compound 192 was also obtained as a white solid, which 
was determined by NHR and HPLC to be contaminated with 
-25% of compound 9: TLC: Rf = 0.20, 5% CH3OH/CH2CI2; 

25 HPLC, Rt = 14.2 min. (^H)-NMR consistent with 
structure. 

Example 10 

A. Compound XV ((syn)-OH, A = quinoline-2-carbonyl, 
D* = benzyl; TFA salt) . A 0«C solution pf 1.027 g 
30 portion of the resultant compound of Example IE in 5 mL 
of CH2CI2 was treated with 5 mL of TFA and allowed to 
stand for 3 h. The mixture was concentrated in vacuo 
to yield 0.95 g of the title compound, which was used 
without subsequent purification. 
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B. Compound 10, A solution of 30.2 mg of the 
resultant compotind of Exanqple lOA in 3 inL of CH2CI2 was 
treated with 0.33 inL of DIEA and 31.1 mg of m- 
benzenedisulf onyl chloride. The mixture was stirred 
5 for 2 h, 'then treated with 2 mL of concentrated aqueous 
ammonium hydroxide. The biphasic mixture was stirred 
for an additional 16 h, concentrated in vacuo, and the 
residue partitioned between ethyl acetate and brine. 
The organic layer was dried over einhydrous MgSO^ and 

10 concentrated in vacuo, and the residue was purified by 
preparative thick layer silica gel chromatography using 
3% MeOH/C3l2Cl2 ^® eluant to yield 4.5 mg of the title 
compound. TLC: Rf = 0.5, 3% MeOH/CH2Cl2 as eluant to 
yield 4.5 mg of the title compound. TLC: Rf = 0.5, 3% 

15 MeOH/CHjClj. HPLC: Rt « 13.4 min; (^H)-NMR (CDCI3) 
consistent with structure. 

Compound 11. A solution of 57.9 mg of the 
resultant compound of Example lOA in 5 roL of CH2CI2 was 

20 treated with 30 nh of DIEA and 9.3 fi^ of 

dimethylsulf amoyl chloride . The mixture was stirred 
for 12 h, then treated with an iadditional 30 liL ot DIEA 
and 9.3 fiL of dimethylsulf amoyl chloride and the 
reaction was allowed to proceed an additional 12 hours. 

25 The mixture was then diluted with CH2CI2 and washed 

with saturated NH4CI; the aqueous layer was washed with 
CH2CI2, and the combined organic extracts were dried 
over MgS04. Filtration and concentration provided a 
residue which was chromatographed on a silica gel 

30 column using 2.5% MeOH/EtOAc as eluent, yielding a 

slightly inqpure product which was further purified by 
preparative HPLC using a linear gradient of 35% to 100% 
CH3/CN/H2O with 0.1% TFA for elution. HPLC: Rt « 13.0 
minutes. NMR (CDCL3) : 69.15 (d, IH) , B.34 (d, IH) , 
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8.22 (d, IH), 8.18 (d, IH) , 7.90 (d, IH) , 7.80 (t, IH) , 
7.65 (t, IH), 7.16-738 (m, 5H) , 7.05 (d, IH) , 6.95 (t, 
IH), 6.87 (t, IH), 5.85 (br S, IH) , 5.62 (br S, IH) , 
4.87 (M, IH), 4,46 (s, 2H) , 4.08 (m, IH) , 3.66 (m, IH) , 
5 3.30 (m, 2H), 2.59-2.94 (m, 4H) , 2.81 (s, 6H). 

A. Compound XIV ((8yn)-0H, A » guin61ine-2-carbohyli 
D' « benzyl; trifluoroacetate salt). To a solution of 
1.027 g (1.164 mmol) of the resultant coxnpound of 

10 Example IE in CHjClj (5 mL) at 0* to 5«C was added 

trifluoromethanesulfonic acid (5 mL) . After stirring 
for 3 h, the reaction mixture was concentrated in vacuo 
to provide 0.95 g of light yellow, gummy product, 
containing one equivalent of triphenylmethanol , which 

15 was used without subsequent purification. 

B. Compound 12. To a solution of 30.2 mg 

(0.038 mmol) of the resultant compoimd of Exaxnple 12A 
in CH2CI2 (3 mL) was added diisopropylethylamine 
(0.33 mL, 0.189 mmol), and 2- (pyrid-2-yl) -tyibphene-5- 
20 sulfonyl chloride 13 mg, (0.249 mmol). After 14 h, the 
resulting mixture was diluted with ethyl acetate, 
washed with saturated brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
residue was purified by preparative reversed- phase 
25 chromatography using a 5% to 100% HjO/acetonitrile 
gradient as eluant to yield the title product. 

ps^gmplg 13 

Compound 13. To a solution of 30 mg 
(0.038 mmol) of the resultant compound of Example 12A 
30 in CH2CI2 (3 mL) was added diisopropylethylamine 
(0.33 mL, 0.189 mmol), and 2- (3- 
phenylsulfonyl) thiophene sulfonyl. chloride (0.113 
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tnmol) . After stirring for 2 h, the reaction mixture 
was made biphasic by addition of 30% ammonium hydroxide 
solution (2 mL) . After stirring for an additional 16 
h, the resultant mixture was concentrated in vacuo, 
5 reconstituted in ethyl acetate, washed with saturated 
brine, dried over magnesium sulfate, filtered, euid re- 
concentrated in vacuo. Purification by thin layer 
preparative chromatography yielded the desired 
conpound. 

10 EXCTPJre 14 

Conpoiuid 14. The resulting compound of 
Example 17B, diastereomer B (170 mg) was treated with 1 
mL of 90% aqueous TFA and allowed to stouid for 12 h. 
The mixture was concentrated in vacuo and the residue 

15 tsJcen up in 5 mL of dry CH2CI2. To this solution, 3 mL 
of saturated aqueous sodium bicarbonate cind 50 mg of 
4-fluorbbenzenesulfohyl chloride was added and the 
mixture stirred for 3 h. The resulting mixture was 
diluted with CHjClj and washed with water, dried over 

20 magnesixun sulfate and filtered. After concentration of 
the mixture in vacuo, a portion of the residue was 
purified by preparative reversed-phase C-13 HPLC using a 
linear gradient of 35% to 100% CH3CN/H2O with 0.1% TFA 
for elution to obtain 3.0 mg of the title compound. 

25 TLC: Rf = 0.25, 5% CH3OH in CHjClj. HPLC: Rt = 14.78 
min; (^H)-NMR (CJDClg) consistent with structure. 

Compound 15. A sample of a mixture of 4- 
f luoro-S-acetamidobenzenesulf onyl chloride and 3- 
30 fluoro-4-acetamidobenzenesulfonyl chloride (approx. 

1:1; obtained from Maybridge Chemicals) %ras resolved 
into its respective regioisomers by silica gel 
chromatography using 10% isopropyl alcohol/hexane as 
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eluent, A solution of 4-acetaiiddo-3- 
fluorobenzenesiilfonyl chloride (30 mg) and the 
resulting compound of Example 17B, diastereomer B (80 
mg) in 10 mL of CH2CI2 was reacted in the same manner 
5 as described for Exait5>le 14. After workup and 

purification of a portion of the product by preparative 
reversed-phase C^g HPLC using a linear gradient of 35% 
to 100% CH3C37/H2O with 0.1% TFA as eluent, 1.2 mg of 
the title compound was obtained as a white solid. TLC: 
10 Rf « 0.25, 5% CH3OH in CH2CI2. HPLC: Rt o 12.91 min; 
(^H)*NMR (03013) consistent with structure. 

Cozipound 16. 80 mg of the resulting compound 
of Example 17B, diastereomer B, was reacted with 45 mg 

15 of 3-acetamido-4-f luorobenzenesulf onyl chloride in the 
same manner as described for Example 14. After workup 
and purification of a portion of the product by 
preparative reversed-phase C^g HPLC using a linear 
gradient of 35% to 100% CH3CN/H2O with 0.1% TFA as 

20 eluent, 1.4 mg of the title compo\ind was obtained. 

TLC: Rf = 0.25, 5% CH3OH in CH2CI2. HPLC: Rt « 12.91 
min; (^H)-NMR (CDCI3) consistent with structure. 

Exajffp3,e 17 

A. (2S)-2-((lS, 2R syn, anti)-3-(2- 
25 methylpropyl ) amino- 1 -benzyl - 2 - hydoxypropyl ) -N^ • 

( (quinoline-2-carbonyl) -amino) -N^-trityl succinamide. 
A solution of 683.1 mg (0.96 mmol) of the resultant 
confounds of Exaznple 191D and 1.9 mL (19.2 mmol) of 
isobutylamine in 10 mL of acetonitrile in a sealed tube 
30 was heated at 90-100®C for 24 hours. After cooling to. 
room teR^)erature, the mixture was concentrated 
in vacuo. The residue was taken up in dichloromethane 
and washed with water, brine, then dried over MgS04, 
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filtered and concentrated in vacuo to yield 783,8 xng of 
the mixed diastereomeric products. TLC: Rf » 0.11, 10% 
CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure. 

5 B. Coinpotuid XIII, ( (syn, anti) -OH, A » guinoline-2- 
carbonyl, D' » isobutyl) . A solution of 563.8 xng of 
the resultant cozqpoxmds of Example 17A and 0.2 mL of 
diisopropylethylaxnihe in 10 mL of dichloromethane was 
treated with 256 mg of di-tert*butyl dicarbonat.e . 

10 After 24 hours, the mixture was diluted with 

dichloromethane. The mixture was washed with water # 5% 
NaHC03, 0.5 N HCl, brine then dried over MgS04, 
filtered and concentrated in vacuo. The residue was 
purified by low pressure silica gel colxjunn 

15 chromatography using a 20% ethyl 

acetate/dichloromethane as eluent to yield 154.6 mg of 
the fast moving diastiereomer A, later identified as 
having the cuiti configuration at the hydroxyl center; 
98.8 mg of the slower moving diastereomer B, having the 

20 syn configuration at the hydroxyl center, and 204.6 mg 
of the mixed diastereomers A and B. TLC: Rf « 0.60, 
0.67, 40% £tOAc/CH2Cl2« 

C. Compound 17. A solution of 64.6 mg of the 
resultant confounds of Example 17B, diastereomer B, in 

25 1.5 mL of dichloromethane was treated with 1.5 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
concentrated in vacuo to yield the amine 
trifluoroacetate salt. TLC: Rf » 0.11, 10% 
CH3OH/CH2CI2. To a solution of 17.8 mg of the resultant 

30 trifluoroacetate salt in l mL of dichlorometheuie was 

sequentially added 0.3 mL of saturated NaHC03, a small 
amount of solid NaHC03 and 10.7 mg of 4-acetamido- 
benzenesulphonyl chloride. After 3 hours, the mixture 
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%ra8 diluted with dichloromethane. The two layers were 
separated emd the aqueous layer was extracted once with 
dichloromethane. The combined organic layer was washed 
with brine then dried over MgSO^, filtered and 
5 concentrated in vacuo. The residue was purified by 

preparative HPLC to yield 14.4 mg of the title coxnpound 
as a white solid; TLC: Rf « 0.54, 10% CH3OH/CH2CI2; 
HPLC, Rt « 13.58 min; (^H)-NMR (CDCI3) consistent with 
structure. 

10 px^J-g jg 

Conpound 18. To a solution of 20.8 mg (0.041 
mmol) of the crude trif luoroacetate salt obtained as 
from Exaxiple 17B, diastereomer B, in 1 mL of 
dichloromethane was sequentially added 0.3 mL of 

15 saturated NaHC03, a small amount of solid NaHC03 and 
13.6 mg (0.054 mmol) of 2-acetamido-4-methyl-5- 
thiazolesulphonyl chloride. After 3 hours, the mixture 
was diluted with dichloromethane. The two layers were 
separated and the aqueous layer was extracted once with 

20 dichloromethane. The combined organic layer was urashed 
with brine then dried over MgS04, filtered and 
concentrated in vacuo. The residue was purified by 
preparative HPLC to yield 4.8 mg of the title con^jound 
as a white solid; TLC: Rf ^ 0.50, 10% CH3OH/CH2CI2; 

25 HPLC: Rt « 13.35 min; (^H)-NMR (CDCI3) consistent with 
structure. 

Example 19 

A. Sodium 3-acetamidobenzenesulfonate. A solution of 
118.6 mg (0.55 mmol) of 3-acetamidobenzene8ulf onic acid 
30 in 0.5 mL of water was treated with 0.55 mL (0.55 mmol) 
of 1.0 N NaOH at 0**C. After stirring at room 
temperature for 4 hours, the mixture was concentrated 
to dryness amd used without subsequent purification. 
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B. B-AcetamidobenzeneBulfonyl chloride. The crude 
mixture from Example 19A was cooled to O^C and. 0.29 g 
(1.38 mmol) of phosphorus pentachloride v^s added. The 
mixture of solid %iras stirred for 3 hours then 5 mL 

5 dichloromethane was added. After 24 hours, the slurry 
was filtered and concentrated in vacuo to yield 81.4 mg 
of solid product which was used without stibseguent 
purification. TLC: Rf - 0.50, 40% EtOAC/CHjClj . 

C. Compound 19. A solution of 82.7 mg (0.098 mmol) 
10 of dlastereomer B, obtained in Example 17B, in 2 mL of 

dichloromethane was treated with 2 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
concentrated in vacuo to yield the amine 
trifluoroacetate salt which was used without further 

15 purification; TLC: Rf « 0.11, 10% CHgOH/CHjClj . A 
solution of this salt (entire yield) in 2 mL of 
dichloromethauie was treated sequentially with 0.5 mL of 
saturated NG1HC31O3, small amount of solid NaHC03 and a 
solution of 81.4 mg (0.046 mmol) of the resultant 

20 compoiand of Example 19B. After 3 hours, the mixture 

was diluted with dichloromethane. The two layers were 
separated cmd the aqueous layer was extracted once with 
dichloromethane. The combined orgsinic layer was washed 
with brine then dried over MgSO^, filtered and 

25 concentrated in vacuo. The residue was purified by 

preparative HPLC to yield 24.7 mg of the title compound 
as a white solid; TLC: Rf = 0.42, 10% CHgOH/CHjClj; 
HPLC: Rt = 13.8 min; (^H)-NMR (CDCI3) consistent with 
structure. 
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Example 20 

Compound 20. A solution of 209.0 mg (0.24 
mtnbl) of the resultant conipound of Exaxnple 17B, 
diastereomer B, in 5 mL of dichlorome thane was treated 
5 with 5 mL of trif luoroacetic acid. After 4 hours, the 
mixture was concentrated in vacuo. TLC: Rf « 0.11, 10% 
CH3OH/CH2CI2 - To a solution of this residue in 2 mL of 
dichlorome thane %^s sequentially added 0.5 mL of 
saturated NaHCOg, a small amoxint of solid NaHC03 and 

10 70.2 mg (0.32 mmol) of benzofurazan- 4 -sulphonyl 

chloride. After 3 hours, the mixture was diluted with 
dichloromethane . The two layers were separated and the 
aqueous layer was extracted once with dichlorc»nethane . 
The combined organic layer was washed with brine then 

15 dried over MgS04, filtered and concentrated in vacuo. 
The residue was purified by preparative HPLC to yield 
108.0 mg of the title compound as a white solid; TLC: 
Rf « 0.60, 10% CH3OH/CH2CI2; HPLC: Rt = 14.95 min; (^H)- 
NMR (CDCI3) consistent with structure. 

20 ^ Exgmcple 21 

Compound 21. The resulting compound of Example 
17B, diastereomer B, (228 mg, 0.27 mmol) was dissolved 
in 1:1 CH2CI2/TFA (10 mL), and the reaction mixture 
stirred for 3.5 hours, then concentrated to dryness to 

25 afford the product trifludroacetate salt as a yellow 
solid which was used in the next reaction without 
purification. To a solution of this residue (34.7 mg, 
0.05 mmol) in CH2CI2 (3 mL) was added Hexinig's base (41 
fil, 0.24 mmol) and dimethyl sulfamoyl chloride (11 /il, 

30 0.09 mmol), and the reaction was stirred for 17 hours 
at room temperature. The reaction mixtixre was then 
diluted with CH2CI2 and washed with saturated NH4CI, and 
the orgamic layer was dried over MgS04. Filtration and 
concentration provided a residue which was 
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chromatographed on a silica gel colxixnn using 8% 
CH3OH/CH2CI2 as eluent, yielding the desired compoimd 
whicdi vas further subject to purification by 
preparative HPLC. HPLC: Rt « 13.8 minutes. TLC: Rf = 
5 0.40«. 8% CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure. 

A. N^-isocyano-L- valine methyl ester. To the HCl 
salt of valine methyl ester (2.08 9, 12.40 mmol) in 

10 toluene (20 roL) was added a 20% solution of phosgene in 
toluene (32 mL, 62.00 mmol), and the solution was 
heated at reflux for 12 hours. The reaction was then 
cooled to room temperature and concentrated in vacuo to 
give a pale yellow liG[uid which was used in the 

15 stobseguent reaction without purification. TLC: Rf « 
0.88, 50% Hexane/EtOAc; (^H)-MMR (CDCI3) consistent 
with structure . 

B. N^- (2-pyridylmethyl) -o3cycarbonyl-L-valine methyl 
ester. A mixture of 2-pyridylcarbihol (941 fil, 

20 9.75 mmol) euid the resulting compound of Exairple 22A 
(1.28 g[, 8.12 mmol) were allowed to stir in CH2CI2 
(7 mL) for 12 hours, then the reaction was concentrated 
and the residue chromatographed with 50% hexane/EtOAc 
to afford 2.03 grains of the title compound as a 

25 colorless oil. TLC: Rf « 0.26, 50% Hexane/EtOAc; (^H)- 
NMR (CDCI3) consistent with structure. 

C . N** - { 2 - pyr idy Ime thy 1 ) - oxy carbony 1 - L - val ine . A 
solution of the resulting conpotind of Example 22B 
(634 mg, 2.38 mmol) in a 1/1 mixture of IN HCl/THF 

30 (6 inL) containing 12 N HCl (0.5 mL) was allowed to stir 
at room temperature over 15 hours, but much starting 
material was still present by TLC. Hence, xnore 12 N 
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HCL was added (1 mL) , and the reaction stirred an 
additional 48 hours. The reaction was then 
concentrated to dryness and diluted with CH2Cl2f 
yielding the desired carboxylic acid as an insoluble 
5 resin which was washed with additional CH2Cl2# 

providing 22C which contained minor quantities of 22B. 
This material was used in the subsequent reaction 
without further purification. TLC: Rf « 0.11, 8% 
CH3OH/CH2CI2; ('h)-NMR (CDCI3) consistent with 
10 structure. 

D. Compotind XXX (A » {2-pyridylmethyl) -oxycarbonyl, 
« isopropyl, R^' « H, D' = isobutyl. A' « tert- 

butoxycarbonyl) . To the resulting coin>ound of Example 
21B (277 mg, 0.82 mmol) in CH2CI2 (5 mL) was added 

15 1 • ( 3 - dimethylaminopropyl ) - 3 - ethyl carbodiimide 

hydrochloride (210 mg, 1.10 mmol), the acid 22C (402 
mg, 1.10 mmol) , and 1-hydroxybenzotriazole hydrate (148 
mg, 1.10 mmol) . The reaction proceeded for 12 hours at 
room temperature, then was diluted with CH2CI2 suid 

20 washed successively with saturated NH4CI and NaHC03, 

euid the organic layer was dried over MgS04. Filtration 
suid concentration provided a residue which was 
chromatographed on a silica gel coliunn using 17% 
THF/CH2CI2 as eluent, yielding 396 mg of product. TLC: 

25 Rf «= 0.26, 17% THF/CH2CI2; (^H)-NMR (CDCI3) consistent 
with structure . 

E. Compound 22. The resulting compound of Exairple 
22D (396 mg, 0.69 mmol) was dissolved in 90% aqueous 
TFA (11 mL) , and the reaction mixture stirred for 3 

30 hours at room temperature, then was concentrated to 

dryness. To a solution of this residue (231 mg. .0.33 
mmol) in CH2CI2 (5 mL) %ms added excess solid NaHC03 
(approx. 1 gram) and saturated aqueous NaHC03 (20 pLl) , 
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followed by N-acetylsulfanilyl chloride (116 mg, 0.50 
mmol) , and the reaction proceeded for 12 hours at room 
tenperature. The reaction mixture was then diluted 
with CH2CI2 and washed with saturated MaHCOg, and the 
5 organic layer %ras dried over MgSO^. Filtration and 
concentration provided a residue which was 
chromatographed on a silica gel coluxrm using B% 
CSI30H/CH2C12 as eluent, yielding the desired conpound 
which was further subject to purification by 

10 preparative HPLC (76.1 mg of 3 was obtained). HPLC: 
Rt « 12.1 minutes. TLC: Rf « 0.46, 8% ai30H/Caa2Cl2? 
NMR (CDClg): 8.76 (d, IH) , 8.40 (br s, IH) , 8.26 (t, 
IH), 7.72 (d, 2H), 7.67 (d, 2H) , 7.58 (d, 2H) , 7.37 (d, 
IH), 7.25 (m, 4H), 7.16 (br d, IH) , 6.47 (d, IH) , 5.65 

15 (d, IH), 5.26 (d, IH) , 4.32 {m, IH), 3.91 (t, IH) , 3.83 

(m, IH), 3.23 (d, IH) , 3.05 (m, 2H) , 2.68-3.10 (m, 3H) , 
2.22 (m, 3H), 2.0 (m, IH), 1.82 (m, IH), 0.85 (d, 3H) , 
0.80 (d, 3H), 0.71 (d,3H), 0.65 (d, 3H) . 

20 Compound 23. Prepared by the same route as 

described for Example 22, except 4-pyridylcarbihol was 
utilized for reaction with the product of Example 22A. 
HPLC: Rt = 12.0 minutes. TLC: Rf = 0.50 (8% 
CH3OH/CH2CI2) ; {^H)-NMR (CDCI3) consistent with 

25 structure. 

Example 24 

Compound 24. A solution of the resulting 
conqpound of the trif luoroacetic acid deprotection of 
Example 22D (as described in Exairple 22E; 215 mg, 0.31 
30 mmol) in CH2CI2 at room temperature was treated with 
diisopropylethylamine (214 /il, 1.23 moniol) and 
dimethylsulfamoyl chloride (40 /xl, 0.37 mmol) in CH2CI2 
at rocmi temperature in CH2CI2 at roc^ temperature for 
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12 hours. The reaction mixture was concentrated and 
chromatographed on a silica gel column with 5% 
CHgOH/CHjClj as eluent, yielding the desired compound 
which was further s\ibject to purification by 
5 preparative HPLC (9.5 mg obtained). HPLC: Rt = 14.4 
minutes. TLC: Rf = 0.88, 11% CHgOH/CHgClj; (^H)-NMR 
(CDCI3) consistent with structure. 

B^cample 25 

Confound 25. This compound was prepared by 
10 the route described for Exasple 22, except that 

3-pyridylcarbinol was utilized for reaction with the 
conpound produced in Exanqple 22A, and in the reaction 
corresponding to 22E, the trif luoracetate-deprotected 
material was reacted with benzofurazan- 4 -sulphonyl 
15 chloride. HPLC: Rt -= 9.4 minutes. TLC: Rf ^ 0.10, 11% 
CHgOH/CHjClj; (''h)-NMR (CDCI3) consistent with 
structure. 

Confound 26. A solution of the resulting 
20 compound from the trifluoroacetic acid deprotection of 
Example 22D (as described in Exaxnple 22E; 27 mg, 0.14 
mmol) in CH2CI2 was treated with excess solid NaHCOg 
(approx. 1 gram) and saturated aqueous NaHCOg (7 /il) , 
then stirred vigorously at room temperature for 3 . 
25 hours. The reaction mixture was decanted from the 
solids, concentrated, then the residue was purified 
directly by preparation HPLC (3.0 mg of white solid 
obtained). HPLC: Rt = 14.7 minutes; (^H)-NMR (CDCI3) 
consistent with structure. 



30 



Pxgiytple ?7 

Compouind 27. A solution of 33 mg of the 
resultant compound of Example 4 OA in CH2CI2 was treated 
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sequentially, at axhbient temperature under an 
atmosphere of nitrogen, with 20 mg of N,N- 
diisopropylethylamine auad 9*3 mg of allyl 
chloroformate. The mixture was stirred for 3 h and 
5 then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
10 a 2:1 mixture of (5:10:85 NH40H/C3i30H/CH2Cl2) : diethyl 
ether to yield 24 mg of the title compoiind as a white 
solid. TLC: Rf « 0.53, 5:10:85 llH40H/C3l30H/Cai2Cl2 . ^- 
HPLC: Rt = 14.53 min; (^H)-NMR (CDCI3) consistent with 
structure. 

15 BP^ainpJ^e 28 

Compound 28* A solution of 47.5 mg of the 
resultant compound of Example 4 OA in CH2CI2 was treated 
sequentially, at ambient temperature xrnder an 
atmosphere of nitrogen, with 28.7 mg of N,N- 

20 diisppropylethylamine and 15.2 mg of isobutyl 

chloroformate. The mixture was stirred 3 h and then 
concentrated in vacuo. The residue was taken up in 
ethyl acetate and washed with 0.5 N HCl and saturated 
NaCl then dried over MgS04, filtered, and concentrated 

25 in vacuo. The residue was purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 
(5:10:85 NH4OH/CH3OH/CH2CI2) : diethyl ether to yield 
45 mg of the title compound as a white solid. TLC: 
Rf = 0.60, 5:10:85 NH40H/CH30H/CH2C12- HPLC: Rt « 15.58 

30 min; (^H)-NMR (CDCI3) consistent with structure. 



papampX^ 2? 

Confound 29. A solution of 35.6 mg of the 
resultant compound of Exaznple 40A in CH2CI2 was treated 
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sequentially, at ambient tenperature under an 
atmosphere of nitrogen, with 21.5 mg of N,N- 
diisopropylethylamine and 0-083 nL of 1.0 M isopropyl 
chlorof ormate . The mixture was stirred 3 h and then 
5 concentrated in vacuo. The residue was taken up in 

ethyl acetate and washed with 0.5 N HCl and saturated 
NaCl then dried over MgS04, filtered, and concentrated 
in vacuo. The residue was purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 
10 5:10:85 NH4OH/CH3OH/CH2CI2 • ^^^^^Y^ ether to yield 

33.2 mg of the title compoxind as a white solid. TLG: 
Rf - 0.56, 5; 10: 85 NH4OH/CH3OH/CH2CI2. HPLC: Rt « 14...81 
min; (^H)-MMR (CDCI3) consistent with structure. 

15 A. (2-Pyrrolidinonyl-hydroxyethyl-N- 

hydroxysuccinimdyl carbonate. A solution of 572 mg of 
1- (2-hydroxyethyl) -2-pyrrolidinone and 1.70 g of N,N'- 
disuccinimidyl carbonate in acetonitrile was treated, 
at ambient temperature under an atmosphere of nitrogen, 

20 with 1717 mg of N,N-diisopropylethylamine. The mixture 
was stirred for 14 h and concentrated in vacuo. The 
residue was taken up in ethyl acetate and washed with 
saturated NaHC03, saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo to yield 

25 200 mg of a white solid. TLC: Rf = 0.56, 10% 

isopropanol in CH2CI2; (^H) -NMR (CDCI3) consistent with 
structure. 

B. Con?>ound 30. A solution of 68 mg of the resultant 
conrpound of Example 30A in CH2CI2 was added, at axribient 
30 ten?>erature under an atmosphere of nitrogen, to a 

solution of 32 mg of the resultant compound of Example 
40A and 39 mg N,N-diisopropylethylaiaine in CH2CI2. The 
mixture was stirred for 4 h, diluted with CH2Cl2# 
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%rashed with saturated NaHC03 and saturated NaCl, then 
dried over MgS04, filtered, and concentrated in vacuo. 
The residue was subjected to preparative thin layer 
silica gel chromatography using a 2:1 xaixture of 
5 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl ether to yield 45 mg 
of residue* About 20 mg of this residue was purified 
by preparative HPLC to yield 13.5 mg of the title 
conpound as a white solid. TLC: Rf » 0.47/5:10:65 
NH4OH/CH3OH/CH2CI2. HPLC: Rt « 12.79 mid; (IH) -NMR 
10 (CDCI3) consistent with structure. 

Compound 31. A solution of 39.7 mg of the 
resultant coirpound of Example 40A in CH2CI2 was treated 
sequentially, at ambient temperature under an 

15 atmosphere of nitrogen, with 24 mg of N,N- 
diisopropylethylamine and 14.5 mg of phenyl 
chloroformate. The mixture %ras stirred for 3 Iql and 
then concentrated in vacuo. The residue was tadcen up 
in ethyl acetate and washed with 0.5 N HCl and 

20 saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
a 2:1 mixture of 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl 
ether to yield 39.7 mg of the title compound. TLC: 

25 Rf « 0.53, 5:10:85 NH40H/CH30H/CH2C12- HPLC: Rt « 15.22 
min; (^H) -NMR (CDClg) consistent with structure. 

Examnle 32 

Compound 32. A solution of 391 mgf of the 
resultant compound of Example 39A in 4:1 
30 CH2Cl2/Baturated aqueous NaHCOg was treated 

sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 271 mg of 4- 
fluorobenzenesulfonyl chloride cuad 117 mg of soditsm 



wo 94/05639 



PCr/US93/08458 



- 130 - 

bicarbonate. The mixture was stirred for 14 h, diluted, 
with CHjCljr washed with saturated NaCl then dried over 
MgS04, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
5 chromatography using 5% diethyl ether in CH2CI2 as 

eluent to yield 420 mg of the title compound as a white 
solid. TLC: Rf » 0.20, 5% diethyl ether in CH2C12- 
HPLC: Rt = 17.41 min; (''H) -NMR (CDCI3) consistent with 
structure . 

10 PxOTtpie 33 . 

Compound 33. A solution of 30 mg of the 
resultant compound of Example 4 OA in CHjClj was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 18.1 mg of N,N- 

15 diisopropylethylamine and 9.3 mg of benzyl isocyanate. 
The mixture was stirred 14 h and then concetrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgS04, filtered, and concentrated in vacuo. The 

20 residue was purified by preparative thin layer silica 
gel chromatography using a mixture of 5:10:85 
NH4OH/CH3OH/CH2CI2 to yield 30.2 mg of the title 
compoxind as a white solid. TLC: Rf = 0.56, 5:10:85 
NH40H/CH30H/CH2C12- HPLC: Rt « 14.36 min; (^H)-NMR 

25 (CDCI3) consistent with structure. 

Example 34 

Confound 34. A solution of 55 mg of the 
resultant compound of Example 4 OA in CH2GI2 was treated 
sequentially, at ambient temperature under an 
30 atmosphere of nitrogen, with 33.3 mg of N,N- 

diisopropylethylamine and 17.8 mg of 2-meth03qrethyl 
chlorof ormate. The mixture was stirred for 3 h and 
then concentrated in vacuo. The residue was taken up 
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in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
5 a 2:1 mixture of (5:10:85 NH4OH/CH3OH/CH2CI2) : diethyl 

ether to yield 48.1 mg of the title coitpoiind as a white 
solid. TLC: Rf = 0.56, 5:10:85 NH40H/CH30H/CH2C12- 
HPLC: Rt « 13.43 min; (^H) -NMR (CDClg) consistent with 
structure. 

10 pxaroxe 35 

A. Compound XZI (D* » isobutyl. A* = 4-fluorqphenyi, 
hydrochloride salt). A solution of 398 mg of the 
resultant coxiqpound of Exaxcple 32 in ethyl acetate was 
treated at -20«C with HCl gas. The HCl was bxibbled 

15 through the mixture for 20 min over which time the 

teirperature was allowed to warm to 20^ C. Nitrogen was 
, then bubbled through the mixture for 15 min and solvent 
removed in vacuo to yield 347 mg of the title compound 
as a white solid. TLC: Rf « 0.82, 5;10:85 

20 NH4OH/CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure. 

B. Cortpound 35. A solution of 111 mg of the 
resultant compound of Example 35A in CH2CI2 was added, 
at ambient temperature under an atmosphere of nitrogen, 

25 to a solution of 118 mg of the resultant compo\ind of 
Example 48A and 133 mg N,N-diisopropylethylamine in 
CH2CI2. The mixture was stirred for 14 h, diluted with 
CH2CI2/ washed with saturated NaHCOg and saturated NaCl, 
then dried over MgS04, filtered, and concentrated 

30 in vacuo. The residue was subjected to preparative 

thin layer silica gel chromatography using 5% CH3OH in 
CH2CI2 to yield 98.8 mg of the title cozopoimd as a 
white solid. TLC: Rf ^ 0.48, 5% CH3OH in CHoClo- HPLC: 
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Rt « 15.18 min; {^H)-NMR (ca3Cl3) consistent with 
structure. 

Compound 36. A solution of 48 mg of the 
5 resultant coxnpound of Exainple 4 OA in CH2CI2 was treated 
sequentially, at ambient temperature \uider an 
atmosphere of nitrogen, with 29.0 mg of N,N- 
diisopropylethylamine and 15.1 mg of 3-butenyl 
chloroformate. The mixture was stirred for 3 h and 

10 then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 

15 a 2:1 mixture of (5:10:85 NH40H/CH30H/C3I2C12) : diethyl 

ether to yield 43.8 mg of the title conpound as a white 
solid. TLC: Rf = 0.83, 5:10:85 NH4OH/CH3OH/CH2CI2; Rf « 
0.24, 5% diethyl ether in CH2CI2. HPLC: Rt « 14.76 
min; {'^H) -NMR {CDCI3) consistent with structure. 

20 > Example 37 

Compound 37. A solution of 99 mg of the 
resultant compound of Example 51D in 4:1 
CH2Cl2/saturated aqueous NaHC03 was treated 
sec[uentially, at ambient ten5)erature under an 

25 atmosphere of nitrogen, with 83.2 mg of 3,4- 

dichlorobenzenesulfonyl chloride and 29 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CH2Cl2r washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

30 residue was subjected to operative thin layer silica 
gel chromatography using 5% CH3OH in CH2CI2 to yield 
107 mg of the title coxrpound as a white solid. TLC: Rf 
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« 0.35 (5% CH3OH in CHjClj) • HPLC: Rt » 17:27 min; 
(^H)-NMR (CDCI3) consistent with structure. 

Compound 38. To a solution o£ 32 of the 
5 resiiltant compound of Example 35A in CH2CI2 was added, 
at asibient tenqperature under an atmosphere of nitrogen, 
14 of benzyl chloroformate and 21 mg N,N- 
diisopropylethylamine. The mixture was stirred for 4 
h, diluted with CH2Cl2# washed with saturated NaiHCOg and 

10 saturated NaCl, then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
10% diethyl ether in CH2CI2 as eluent to yield 33 mg of 
product. TLC: Rf = 0.62, 10% diethyl ether in CH2C12- 

15 HPLC: Rt « 17.2? min. (^H)-NMR (CDCI3) consistent with 
structure. 

B?camp^? 

A. Compound XXI (D' - « isobutyl, A « tert-butoxy 
carbqnyl. A' «= H) . A solution of 4.1 g of epoxide XX 

20 (AbBoc) in 30 mL of ethanol was treated with 22.4 roL of 
isobiitylamine and heated under reflux for 1 h. The 
mixture was concentrated to yield the title compound as 
a white solid which was used without subsequent > 
purification. NMR (CDCI3) : 60.91 (d, 3H) ; 0.93 (d, 

25 3H); 1.37 (s, 9H) ; 1.68 (br s, 2H) ; 2.40 (d, 2H) ; 2.68 
(d, 2H); 2.87 (dd, IH) ; 2.99 (dd, IH) ; 3.46 (dd, IH) ? 
3.75 (br s, IH); 3.80 (br s, IH) ; 4.69 (d, IH) ; 7.19- 
7.32 (m, 4H) . 

B. Compound 39. To a solution of 514.1 mg of the 
30 resultant compound of Exaitqple 39A in dichloromethauie 

(10 mL) was added aqueous sodiiun bicarbonate (5 mL) and 
N- acetyl sulfanilyl chloride (428.4 mg) . After 14 h, 
the resulting mixture was diluted with ethyl acetate. 
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washed with Bodiiom bicarbonate, saturated brine, dried 
over magnesiiun sulfate, filtered sind concentrated 
in vacuo. The residue was purified by low pressure 
silica gel column chromatography using 20% ethyl 
5 acetate in dichl or ome thane eluent to yield 714.4 mg of 
the title product. TLC: Rf » 0.63, 60% ethyl 
acetate/dichloromethane, HPLC: Rt « 15.3 min; (^H) -NMR 
{CDCI3) consistent with structure. 

10 A. Can?)Oimd XXII (D* - isobutyl, A « H, B » 4- 

acetamidophenyl) , hydrochloride salt. To a solution of 
691.4 mg (1.296 inmol) of the resultant coirqpound of 
Example 39B in ethyl acetate (20 mL) at -20*^0 was 
bubbled anhydrous HCl gas for 10 min. The ice bath was 

15 removed and after an additional 15 min., the reaction . 
mixture was sparged with nitrogen then concentrated 
in vacuo to provide 610 mg of title product which was 
used without siibseguent purification. 

B. Coxtpound 40. A solution of 41.5 mg of the 
20 resultant crude compo\ind of Exaii?)le 40A in 5 inL of 

dichloromethcuie was treated sequentially, at ambient 
temperature under an atmosphere of nitrogen, with 
18.1 mg of L- dihydroorotic acid, 0.031 mL (0.176 ramol) 
diisopropylethylamine, 15.5 mg (0.115 mmol) of 1- 
25 hydroxybenzotriazole hydrate, 22 mg (0.115 mmol) EDC. 
After 1 h, the slurry was treated with 1 mL of 
dimethylformamide. The mixture was stirred for 16 h 
and then concentrated in vacuo. The residue was taken 
up in ethyl acetate and washed with water smd saturated 
30 brine, dried over roagnesi\an sulfate, filtered and 

concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using (1/2/17 
v/v/v/ 30% ammonium hydroxide /methsuaol/dichlomethsme) 
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eluent to provide 34.2 mg of the title product, TLC: 
Rf « 0*33, 1/2/17 v/v/v/ 30% ammonium hydroxide/ 
methanol/dichlomethane) . HPLC: Rt = 11.3 min; (^H)-NMR 
(CDCI3) consistent with structure. 

5 Bxgmpl^ 

Compound 41 • To a solution of 42.8 mg of the 
resultant conqpound of Exainple 40A in 5 xnL 
dichloromethane was added sequentially, at ambient 
temperature under an atmosphere of nitrogen, 17.2 mg of 

10 N-tert-butyl glyoxalic acid, 0.032 mL 

diisopropylethylamine, 16 mg of l-hydro3^benzotriazole 
hydrate, 22.6 mg EDC. The mixture was stirred for 16 h 
^TM^ then concentrated . in vacuo. The residue was taken 
up in ethyl acetate and washed with water, 0.5 N 

15 hydrochloric acid, washed with sodium bicarbonate, 

saturated brine, dried over magnesixim sulfate, filtered 
and concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using 40% ethyl 
acetate/dichloromethane eluent to provide 14.9 mg of 

20 the title product. TLC: Rf - 0.47, 40% ethyl acetate/ 
dichloromethane, HPLC: Rt » 15.2 min; (^H)-NMR (CDCI3) 
consistent with structure. 

•Con5>o\ind 42. To a solution of 43.5 mg of the 
25 resultant crude compound of Example 40A in 5 itiL 

dichloromethane was added sequentially at ambient 
temperature, under an atmosphere of nitrogen, 13.0 mg 
of succinamic acid, 0.024 mL diisopropylethylamine, 
15.0 mg of l-hydroxybenzotriazole hydrate, and 21.3 mg 
30 EDC. The mixture was stirred for 16 h euid then 

concentrated in vacuo. The residue was taken up in 
ethyl acetate and washed with sodium bicarbonate, 
saturated brine, dried over magnesium sulfate, filtered 
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and concentrated in vacuo* The residue was purified by 
thin layer preparative chromatography using (1/2/11 
v/v/v/ 30% axnmoniiun hydroxide /methomol/dichlomethane) 
eluent to provide 35.3 mg of the title product. TLC: 
5 Rf o 0.25, 1/2/11 v/v/v/ 30% ammonixim hydroxide/ 

methanol/dichlomethane, HPLC: Rt » 11.6 min; (^H) -NMR 
(CDCI3) consistent with structure. 

Coznpound 43. To a solution of 42.8 mg of the 

10 resultant compound of Example 40A in 5 mL 

dichlorome theme was added sequentially, at ambient 
tenperature under cui atmosphere of nitrogen, with 
14.1 mg of L-pyroglutamic acid, 0.024 mL 
diisopropylethylamine, 14.8 mg of 1- 

15 hydroxybenzotriazole hydrate, 20.9 mg EDC. The mixture 
was stirred for 16 h and then concentrated in vacuo. 
The residue was taken up in ethyl acetate and washed 
with water, 0.5 N hydrochloric acid, washed with sodiimn 
bicarbonate, saturated brine, dried over magnesium 

20 sulfate, filtered and concentrated in vacuo. The 
residue was purified by thin layer preparative 
chromatography using (1/2/11 v/v/v/ 30% ammonium 
hydroxide/me thanol/dichlome thane) eluent to provide 
29.9 mg of the- title product. TLC: Rf = 0.33, 1/2/11 

25 v/v/v/ 30% ammonium hydroxide/ methanol/ dichlomethane, 
HPLC: Rt = 11.7 min; (^H)-NMR {CDCI3) consistent with 
structure . 

pxgmiple 44 

A . 3 - Pyridy Imethy 1 • N - hydroxysucchinimdy 1 carbonate . 
30 To a solution of 181.0 mg of 3 pyidinecarbinol in 5 mL 
acetonitrile was added sequentially at ambient 
temperature xinder an atmosphere of nitrogen, with 
0.72 mL diisopropylethylamine and 354.1 mg of N,N* - 
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disuccinimidyl carbonate. After 4 h, the resultant 
mixture was concentrated in vacuo to provide a yellow 
solid which was used without sxibsequent purification. 

B. Coznpound 44. To a solution of 58.1 xng of the 
5 resultant crude catapoxmd of Exaxtple 4 OA in 3 inL of 
dichloromethane was added sequentially, at ambient 
texnperature under an atmosphere of nitrogen, 0.075 mL 
diisopropylethylamine and 46.3 mg of the resultsmt 
compound of^ Example 20A. The mixture was stirred for 

10 16 h and then concentrated in vacuo. The residue was 
taken up in diethyl ether and extracted into 3 x 25 mL 
of 0.5N HCl. The combined aqueous extracts were 
adjusted to pH 8 with solid sodium bicarbonate and 
extracted into 3 x 25 inL ethyl acetate. The combined 

15 organic extracts were washed with saturated brine, 
dried over magnesixmi sulfate, filtered, and 
concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using (1/2/17/20 
v/v/v/ 30% ammonium hydroxide/metheuiol/dichlomethane/ 

20 diethyl ether) eluent to provide 10.3 mg of the title 

product. TLC: Rf «= 0.4, 1/2/17/20 v/v/v/ 30% ammonixam 
hydroxide/methanol/dichlomethane/diethyl ether, HPLC: 
Rt = 11.8 min; (^H)-NMR {CDCI3) consistent with 
structure. 

25 Example 45 

Compound 45. To a solution-of 28.3 mg of the 
resultant conpound of Example 39A in 4 mL of 
dichloromethane was added l mL saturated aqueous sodium 
bicarbonate solution, 9.2 mg sodixim bicarbonate, and 
30 0.013 mL of benzenesulf onyl chloride. After 14 h, the 
resulting mixture was diluted with ethyl acetate, 
washed with saturated brine, dried over magnesixim 
sulfate, filtered and concentrated in vacuo. The 
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residue was purified by thin layer preparative 
chromatography using 10% diethyl ether/dichloromethane 
eluent to provide 19.3 mg of the title product. TLC: 
Rf 0.84, 25% diethyl ether/dichlormethane, HPLC: Rt « 
5 17.2 min; (^H)-NMR (CDCI3) consistent with structure. 

Conqpound 46. To a solution of 47.0 mg (0.140 
mmol) of the resultant compound of Example 39A in 4 mL 
of dichlorometheuie was added 1 inL saturated aqueous 

10 sodiiam bicarbonate solution, 17.6 mg of solid sodium 
bicarbonate, and 41.4 mg of 2,4 dimethyl thiazole- 5- 
sulfonyl chloride. After 14 h, the resulting mixture 
was diluted with ethyl acetate, washed with saturated 
brine, dried over magnesiiam sulfate, filtered cuid 

15 concentrated in vacuo. The residue was purified by 

thin layer preparative chromatography using 25% ethyl 
acetate/dichlorOTiethane eluent to provide 34.6 mg of 
the title product. TLC: Rf = 0.44, 25% diethyl ether/ 
dichloromethane, HPLC: Rt « 16.4 min; (^H)-NMR (CDCI3) 

20 consistent with structure. 

Example 47 

Compound 47. To a solution of 50.7 mg of the 
resultant coirqpound of Example 39A in 4 mL of 
dichloromethane was added 1 mL saturated aqueous sodium 

25 bicarbonate solution, 15.2 mg of solid sodium 

bicarbonate, and 2-f luorobenzenesulf onyl chloride 
35.2 mg. After 14 h, the resulting mixture was diluted 
with ethyl acetate, washed with saturated brine, dried 
over magnesiiun sulfate, filtered and concentrated 

30 in vacuo. The residue was purified by thin layer 
preparative chromatography using 10% diethyl 
ether/dichloromethane eluent to provide 40.5 mg of the 
title product. TLC: Rf « 0.44, 25% diethyl ether/ 
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dichloromethane, HPLC: Rt » 17.2 min; (^H)-NMR (CDClg) 
consistent with structure. 

Example 48 

A. N- succiniioidlyl - ( S ) - 3 * tetreihydrof uryl carbonate . 

5 To a solution of 12.5 xnL of 1.93 H phosgene in toluene 
at 0-S®C.wa8 added 1.3 g of (S) - (+) -3-hydroxy- 
tetrsLhydrofuran. After stirring for 2 h, the reaction 
mixture was sparged with nitrogen and then concentrated 
to dryness in vacuo to provide 1.486 g of crude 

10 chlorofonnate. This material was taken up in 10 roL of 
acetonitrile and treated sequentially at ambient 
ten^erature tinder an atmosphere of nitrogen with 1.17 g 
of N*hydroxysuccinimide and 1.41 mL of triethylamine. 
After stirring for 14 h, the reaction mixture was 

15 concentrated in vacuo to provide 3.44 g of the title 
product as a white solid. 

B. Conqpound 48. To a solution of 87.2 mg of the 
resultant conqpound of Example 40A in 5 mL of 
dichloromethane was added secjuentially, at ambient 

20 tenperature under an atmosphere of nitrogen, 0.113 mL 
diisopropylethylamine and 68 mg of the resultant 
compound of Example 48A. The mixture was stirred for 
16 h and then concentrated in vacuo. The residue was 
taken up in ethyl acetate and washed with water, 0.5 N 

25 HCl, saturated sodium bicarbonate, saturated brine, 
dried over magnesium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by 
silica gel chromatography using (3/6/20/65 v/v/v/v/ 30% 
ammoniiim hydroxide/methanol/diethyl 

30 ether/dichlomethane) eluent followed by crystallization 
from a mixture of dichloromethane, diethyl ether, and 
hexanes to provide 58 mg of the title product. TLC: 
Rf » 0.17, 75% ethyl acetate/dichloromethane, HPLC: 
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Rt = 13-1 min.; (^H) -NMR (CDClg) consistent with 
structure. 

Example 49 

Conipoxind 49. Following the procedure 
5 described in Bxanple 83, a solution of the resultant 
compound of Example 39A in CMjClj is reacted with 2,4- 
difluorobenzenesulfonyl chloride in the presence of 
water and NaHCOg. Following dilution with additioncLL 
CH2CI2 and aqueous workup, the resultant product is 
10 dried over MgS04 filtered, and concentrated in vacuo. 
-The residue is then purified by silica gel 
chromatography using an appropriate solvent system to 
yield the title product. 

Pxaiffpa-e go 

15 Compound 50. A solution of 30 mg of the 

resulting compoiind of Example 5B and 9 fih of 
dimethysulf amoyl chloride in 10 mL of CH2CI2 ^® 
reacted in the same manner as described for Exaitple 14. 
After workup and purification by preparative reversed- 

20 phase C^^ HPLC using a linear gradient of 35% to 100% 
CH3CN/H2O with 0.1% TEA as eluent, 6.5 mg of the title 
compound was obtained. TLC: Rf « 0.2, 3% CH3OH in 
CH2CI2. HPLC: Rt 15.96 min; (^H)-NMR (CDCI3) 
consistent with structure. 

25 Example 51 

A. Coinpound XXI (A « tert-but03qrcarbonyl, » 
isobutyl, A' - benzyloxycarbonyl) . To a solution of 
the resultant conpound of Example 39A (2.5g, 7.43 mmol) 
in CH2CI2 (50mL) was added triethylamine (2.1 mL, 14.9 
30 mmol) followed by addition of benzyl chlorof oxmate (1.2 
mL, 8.1 mmol). The mixture was allowed to stir at 
ambient teit?)erature for 6 h. The solution was diluted 
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with 1 L of CH2CI2 and washed with water. The organics 
were dried over anhydrous MgSO^, concentrated xinder 
reduced pressure, then purified via silica gel 
chromatography. Gradient solvent systezn: CH2CI2 
5 followed by 3:97 methanol /CH2CI2. The title conqpoimd 
(2.97 g, was obtained as a colorless oil. TLC: 
Rf«0.14, 3:97 methanol/CH2Cl2; (^H)-NMR (CDCI3) 
consistent with structure. 

B. Compound XXI (A » H, D' « isobutyl. A* « 

10 benzyloxycarbonyl , hydrochloride salt) . To a solution 
of 1.5 g (3.187 mmol) of the resultant compoxind of 
ExaitqDle 51A in ethyl acetate (25 mL) at -20^C was 
bubbled anhydrous HCl gas for 10 min. The ice bath was 
removed oind after an additional 15 min. the reaction 

15 mixture was sparged with nitrogen, then concentrated 

in vacuo to provide 1.29 g of title product as a white 
solid which was used directly for ensuing reaction. 
TLC: Rf e 0.14, 10% methemol/CH2Cl2- 

C. Conpound XXI (A « (S)-3- 

20 tetrahydrof uryloxycarbonyl , D' « isobutyl, A» = 

benzyl oxycarbonyl ) . To a solution of 1.077 g of the 
resultant crude compound of Example 51B (2.647 mmol) in 
acetonitrile (10 mL) was added sequentially at ambient 
temperature under an atmosphere of nitrogen, 1.61 mL 

25 (9.263 mmol) of diisopropylethylamine and 910 mg (3.97 
mmol) of the resultant confound of Exaxaple 48A. After 
stirring for 3 h, an additional 223 mg (0.973 mmol) of 
the resultant cozrpoimd of Example 48A was added. The 
mixture was stirred for 16 h and then concentrated 

30 in vacuo. The residue was taken up in ethyl acetate 
and washed with water, 0.5 N HCl, saturated sodium 
bicarbonate, saturated brine, dried over magnesium 
sulfate, filtered, and concentrated in vacuo. The 
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residue was purified by low pressure silica gel column 
chromatography using a gradient 10% to 25% ethyl 
acetate in CH2CI2 eluent to yield 1.025 g of the title 
product as a white solid. TLC: Rf = 0.10, 10% ethyl 
5 acetate/CHjClj; (^H) -NMR (CDCI3) consistent with 
structure . 

D. Compound XXI (A« (S) -3-tetrahydrofuryloxycarbonyl, 
D' B isobutyl. A* e H) . A solution of 872 mg (1.799 
mmol) of the resultant compoimds of Bxanple 51C in (10 

10' mL) of ethyl alcohol was added, at anibient temperature 
under a nitrogen atmosphere, to a slurry of 87 mg (10% 
by weight) of 10% palladium on carbon in (5 mL) ethyl 
alcohol and hydrogenated for 16 h under a slight 
positive pressure of hydrogen. The mixture was 

15 filtered and concentrated in vacuo to yield 553.2 mg of 
the title product as a colorless glass which was used 
directly for ensuing reaction. TLC: Rf - 0.46, 10% 
methanol/CH2Cl2 • 

E. Compound 51. To a solution of 72.7 mg. (0.207 
20 mmol) of the resultant compound of Example 51D in 

CH2CI2 (4 mL) was added aqueous sodium bicarbonate (1 
mL) , solid sodium bicarbonate 22.6 mg (0.27 mmol), and 
2- (pyrid-2-yl) -thiophene-5-sulf onyl chloride 64.6 mg, 
(0.249 mmol). After 14 h, the resulting mixture was 

25 diluted with ethyl aceta:te, washed with saturated 
brine, dried over magnesiiam sulfate, filtered aind 
concentrated in viacuo. The residue was purified by 
thin layer preparative chromatography using 15 to 30% 
ethyl acetate/CH2Cl2 eluent to provide 53 mg of the 

30 title product as a white solid. TLC; RF = 0.25, 25% 
ethyl acetate/CH2Cl2, HPLC: Rt = 15.3 min; (^H)-NMR 
(CDCI3) consistent with structure. 
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A. N-hydroxysuccinimidyl- (RS) -3-hydroxyl- 
tetrahydrofuryl carbonate. The title compound was 
prepared as described in Exanqple 48A starting with 

5 1.0 g of (RS) -3 -hydroxy- tetrahydrofuran and yielding 
2.33 9 of a white solid. 

B. Compound 52. To a solution of 105 mg of the 
resultant conipound of Exanqple 35A in CH2CI2 was added, 
at axnbient texrperature tinder an atmosphere of nitrogen, 

10 112 mg of the resultant compoiind of Bxaxq>le 52A and 126 
'mg N,N-diisopropylethylamine. The mixture was stirred 
for 4 h, diluted with CH2Cl2# washed and saturated 
NaHC03 and saturated NaCl, then dried over MgS04, 
filtered, and concentrated in vacuo. The residue was 

15 purified by low pressure silica gel chromatography 

using 5% CH3OH in CH2CI2 as eluent to yield 101.4 mg of 
product. TLC: Rf = 0.52, 5% CH3OH in CH2CI2. HPLC: Rt 
= 15.05 min. (^H)-NMR (0)013) consistent with 
structure. 

20 Exaqip3.g p3 

Compound 53. To a solution of 72.3 mg 
(0.19 mmol) of the resultant compound of Bxaitple 51D in 
CH2CI2 (4 mL) was added aqueous sodixim bicarbonate 
(1 mL) , solid sodium bicarbonate 19.2 mg (0.228 mmol), 

25 and 4*acetamido*3-chlorobenzene sulfonyl chloride 
61.1 mg, (0.228 mmol). After 14 h, the resulting 
mixture was diluted with EtOAc, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by low 

30 pressure silica gel column chromatography using 20% to 
45% EtOAc/CH2Cl2 eluent to provide 49.1 mg of the title 
product. TLC: RF = 0.29, 50% EtOAc/CH2Cl2, HPLC: Rt » 
13.9 min; (^H)-NMR (CDCI3) consistent with structure. 
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Con?)Otand 54* A solution of 260 xng of the 
resulting Compound of 39A and 45 mg of 3-acetamido-4- 
f luorobenzenesulf onyl chloride in 10 siL of CH2CI2 was 
5 reacted in the same manner as described for Bxaxrqple 14. 
After workup and purification by preparative reversed- 
phase C^g HPLC using a linear gradient of 35% to 100% 
CH3CN/H2Q with 0,1* TPA as eluent, 1.4 mg of the title 
compound was obtained. TLC: Rf » 0.25, 5% CH3OH in 
10 CH2CI2. HPLC: Rt « 15.63 min; (^H)-NMR (CDCI3) 
consistent with structure. 

Eacample 55 

Coit5)ound 55. 35.0 mg of the resulting 
conqpound of Exaixtple 54 was treated with 1 mL of 90% 

15 aqueous TFA and allowed to stand for 12 h. The mixture 
was concentrated in vacuo and the residue taken up in 
10 mL of dry CH2CI2/ treated with 34 iih of DIEA (0-23 
mmoles) and 20 mg of l-benzyl-3-tert-butyl-lH-pyra2ole- 
5-carbonyl chloride. The mixture was stirred for 

20 1.5 h, then diluted with in CH2CI2, and washed with I N 
HCl. After drying over MgS04 and concentrating 
in vacuo, a portion of the mixture was purified by 
preparative reversed -phase C^g HPLC using a linear 
gradient of 35% to 100% CH3CN/H2O with 0.1% TFA for 

25 elution to obtain 1.1 mg of the title compound. TLC: 
Rf = 0.8, 5% CH3OH in CH2CI2. HPLC: Rt » 18.25 min; 
('^H)-!^ (CDCI3) consistent with structure. 

Exam[Dle 56 

A. S ( - ) - 1 -phenylethyl -N- hydroxy succinimdyl carbonate • 
30 The title compound was prepared from 9.5 iih of S(-)-l- 
phenylethanol and 30 m of N,N-disuccinimidyl carbonate 
as described in Example 44A. The resulting material 
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was used without subsequent purification; (^H)-NMR 
(CDCI3) consistent with structure. 

B* Conpound 56. 45.0 xng Of the resulting confound of 
Example 58 was treated with 1 xnL of 90% aqueous TFA and 
5 allowed to stand for 12 h. The mixture was 

concentrated in vacuo and the residue taken up in IS mL 
of dxy CH2CI21 treated with the above mixed anhydride 
and 65 of tr iethylamine • The mixture %ias stirred 
for 14 h then diluted with ethyl acetate and washed 

10 with saturated sodium bicarbonate solution and 

saturated brine, dried over magnesium sulfate, filtered 
and concentrated in vacuo. A portion of the mixture 
was purified by preparative reversed -phase C^g HPLC 
using a linear gradient of mixture was purified by 

15 preparative reversed-phase C^g HPLC using a linear 
gradient of 35% of 100% CHgCN/HjO with 0.1% TFA for 
elution to obtain 1.1 mg of the title compound. TLC: 
Rf « 0.5;, 3% CH3OH in CHjClj. HPLC: Rt « 17.44 min; 
(^H)-NMR (CDCI3) consistent with structure. 

20 Example 57 

Confound 57. 30 mg of the resultant compound 
of Exanqple 58 was treated with 1 mL of 90% aqueous TFA 
and allowed to stand for 12 h. The mixture was 
concentrated in vacuo and the residue taken up in 25 mL 

25 of dry CH2Cl2# washed and saturated sodiiun bicarbonate 
solution, dried over magnesium sulfate, filtered and 
concentrated in vacuo. A solution of 14 mg of the 
resultant free amine in 10 mL of CH2CI2 was treated 
with 6 /LiL of phenoxyacetyl chloride and 12 fiL of ^ 

30 triethylamine . The mixture was stirred under an inert 
atmosphere for 1 h, then diluted in CH2CI2 and washed 
with 1 N HCl. After drying over MgSO^ and 
concentrating in vacuo. A portion of the mixture was 
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purified by preparative reversed -phase C^g HPLC using a 
linear gradient of 35% to 100% CHgCN/HjO with 0.1% TFA 
as eluant to obtain 16.5 mg of the title confound. 
TLC: Rf = 0.25, 3% MeOH in CMjClj^ HPLC: Rt = 
5 16,6 min; (^H) -NMR (OJClg) consistent with structure. 

Coxnpoiind 58. A solution of 500 mg of the 
resulting coinpoTUid of Exasple 39A auid 370 mg of 
benzofurazan-4-sulfonyl chloride in 10 mL of CH2CI2 was 

10 reacted in the same manner as described for Exanple 14. 
After workup, the title compo\ind was obtained by 
crystallization from hot ethanol. Further purification 
of this material by preparative reversed -phase C^g HPLC 
using a linear gradient of 35% to 100% CH3CN/H2O with 

15 0.1% TFA as eluent gave 2.0 mg of the title compound. 
TLC: Rf « 0:35, 3% CH3OH in CH2CI2. HPLC: Rt = 17.00 
min; (^H)-NMR (CDCI3) consistent witl) structure. 

B?ff"naple 5P 

A. R(+) -1-phenylethyl-N-hydroxysuccinimdyl carbonate. 
20 The title confound was prepared from R(-i-)-l- 

phenylethanol as described in Exaxiple 56A to yield a 
white solid. The resulting material was used directly 
for subsequent reaction; (^H)-NMR (CDCI3) consistent 
with structure. 

25 B. Compound 59. A 36 mg portion of the resultant 

confound of Exazitple 58 and 0.21 fimol of the resulting 
compound of 59A were reacted in the manner described in 
exair^le 56B. After workup cuid purification by 
preparative reversed-phase C^g HPLC using a linear 

30 gradient of 35% to 100% CH3CN/H2O with 0.1% TFA as 

eluant, l.O mg of the title compound was obtained as a 
white solid. TLC: Rf » 0.45, 3% MeOR in CH^Clo. HPLC: 
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Rt = 17.34 min; (^H) -NMR (CaDClg) consistent with 
structure . 

Example 60 

Ccsxnpound 60. To a solution of 70 xng of the 
5 resultant compound of Exaxnple 51D in 10 xnL of CH2CI2 

was added 3 mL of saturated aqueous sodium bicarbonate 
solution, SO mg of sodium bicarbonate, and 53 .mg of 
benzofurazsai-4-sulfonyl chloride. The mixture was 
stirred vigorously for 4 h, then the resulting mixture 

10 was diluted with CH2Cl2# washed with saturated brine, 
dried over magnesi\im sulfate and filtered. After 
concentration of the mixture in vacuo, the residue was 
purified by thick layer silica gel chromatography using 
5% MeOH/CH2Cl2 as eluant to obtain 80 mg of the title 

15 coit5)OXxnd as a white solid. TLC: Rf - 0.80, 5% MeOH in 
CHgClj- HPLC: Rt = 14.96 min? (^H) -NMR (CDCI3) 
consistent with structure. 

Con5)Ound 61. To a solution of 35.5 mg (0.076 
20 mmol) of the resultant compound of Example 16 in 1 mL 
of dichlorome thane was sequentially added 27.6 fiL 
(0.159 mmol) of diisopropylethyl amine and 12 fiL (0.083 
mmol) of benzyl chlorof ormate. After 1 hour, the 
mixture was concentrated in vacuo. The residue was 
25 purified by preparative thin layer chromatography with 
50% ethyl acetate/dichloromethane as an eluent to yield 
38.7 mg of the title compound as a white solid; TLC: 
Rf » 0.63, 50% ethyl acetate/dichlormethane; HPLC: Rt « 
15.45 min; (^H)-NMR (CDCI3) consistent with structure. 
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A. Benzofurazcoi- 4 -sulfonic acid. To a solution of 
252.0 mg (1.05 mmol) of o-nitroaniline-m- sulfonic acid 
sodium salt in 1 inL of water was added 0.52 xnL of 2.0 N 

5 HCl. After 1/2 h, 0.68 mL (1.05 mmol) of 

tertrabutylammoniiam hydroxide (40% in water) was added. 
After 2 hours, the mixture was concentrated in vacuo. 
A solution of the residue in 7 mL of acetic acid was 
treated with 488.5 mg (1.10 mmol) of lead 
10 tertraacetate. After 24 hours, the precipitate was 

filtered and washed with small amount of acetic acid. 
The solid was further dried in vacuo to yield 267.9 mg 
of product. TLC: Rf » 0.09, 10% CHgOH/CHjClj . 

B. Benzofurazan-4-sulf onyl chloride. To a solution 
15 of 137.0 mg (0.522 mmol) of triphenylphosphine in 

0.5 mL of dichloromethane was slowly added 47 ^L (0.594 
mmol) of sulfuric chloride at 0°C. The ice-water bath 
was removed and the crude resultant conpoiuid of 
Example 62A in 0.5 mL of dichloromethane was added 

20 slowly. After 3 hours, the mixture was treated with 
30 mL of 50% ether/hexane. The supernatant was 
decanted into a dry flask and concentrated in vacuo. 
The residue was purified by filtering through a plug of 
silica gel with 25% ethyl acetate as an eluent to yield 

25 23 mg of product. TLC: Rf = 0.6, 10% CH3OH/CH2CI2? 
(^H)-NMR ((SDClg) consistent with Structure. 

C. Conqpound 62. To a solution of 55.7 mg (0.166 
mmol) of the resultant compound of Example 39A in 1 mL 
of dichloromethane was sequentially added 0.5 mL of 

30 saturated NaHC03, a small amount of solid NaHC03 and 

the resultant compound of Bxainple 62B. After 3 hours, 
the mixture was diluted with dichloromethane. The two 
layers were separated and the aqueous layer was 
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extracted once with dichlorome thane. The combined 
organic layer was washed with brine then dried over 
MgS04, filtered cuid concentrated in vacuo. The residue 
was purified by preparative HPLC to yield 5.3 mg of the 
5 title confound as a white solid; TLC: Rf = 0.40, 50% 
ethyl acetate/dichloromethane; HPLC Rt » 16.5 min; 
(^H)*NMR (CDCI3) consistent with structure. 

A. A solution of 3.0 mg (0.0058 mmol) of the 
10 resultant title cospound of Exaxnple 62 in 2 xdL ethyl 

acetate was treated with HCl gas (moderate stream) for 
3 minutes • The xhixture was concentrated in vacuo to 
yield the crude amine hydrochloride salt. TLC: Rf « 
0.20, 10% CH3OH/CH2CI2. 

15 B. Coiiqpound 63. To a solution of the crude resultant 
compound of Exairqple 63A in 1 mL of di^chlorome thane was 
sequentially added 2.1 \iL (0.0121 mmol) of diisopropyl 
ethyl amine and 0.9 uL (0.0064 mmol) of benzyl 
chloroformate. After 1 hour, the mixture was 

20 concentrated in vacuo.' The residue was purified by 
preparative thin layer chromatography with 90% 
dichloromethane/methanol as an eluent to yield 2.6 mg 
of the title compound as a white solid; TLC: Rf » 0.34, 
50% ethyl acetate/dichloromethane; HPLC, Rt « 17.1 min; 

25 (^H)-NMR (CDCI3) consistent with structure. 

Example 64 

A. 5- (Dimethylamino) thioxometho;^) -benzofurazan. To 
a solution of 500 mg (3.67 mmol) of 5- 
hydroxybezofurazan in 10 mL of DMF was added 140 mg 
30 (4.59 mmol) of NaH in small portions. The resulting 
mixture was stirred at room temperature until no more 
gas evolved. The flask was then immersed in a cold 
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water bath and 540 mg (4.41 nimol) of 
dimethylthiocarbamoyl chloride (from Aldrich) was 
added- After 5 minutes, the water bath was removed the 
mixture was heated to 80**C for 1 hour. After being 
5 cooled to room text5)erature , the mixture was poured into 
20 mL of 0.5 N NaOH three times and water three times. 
The solid was dried in vacuum to yield 580 mg of 
product that was used in the next reaction without 
further purification; TLC: Rf - 0,20, 20% ethyl 
10 acetate/hexane; (^H) -NMR (CDCI3) consistent with 
structure. 

B . 5 - { (Dimethylamino) carbonyl ) thio) -benzof urazan . 
The crude product, 510 mg (2.28 mmol) , from Example 64A 
was heated to 190**C in a sealed tube. After 5 hours, 

15 it was cooled to room temperature and ethyl acetate was 
added. The solution was filtered through a plug of a 
silica emd concentrated in vacuo to yield 360 mg of 
product which was again used in the next reaction 
without further purification. TLC: Rf « 0.20, 20% 

20 ethyl acetate/hexane . 

C. S-Mercaptobenzofurazan. To a solution of 357.4 mg 
(1.60 mmol) of the resultant compound of Exai!5)le 64B in 
2 mL of methanol was added 7 mL of 6 N NaOH. The 
mixture was heated to 90«C for 2 hours. The mixture 

25 was poured into 100 mL ice and acidified with 

concentrated HCl. The slurry was filtered and rinsed 
three times with water. The residue was dried in vacuo 
to yield 145.6 mg of product; TLC: Rf = 0.70, 20 ethyl 
acetate/hexane; (/'h)-NMR (CDCI3) consistent with 

30 structure. 

D. Benzofurazan-5-sulfonyl chloride. Chlorine gas 
was bubbled through a solution of 39.9 mg (0.26 mmol) 
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of the resultant conqpoiind of Example 64C in a mixture 
of 1 mL of ethyl acetate and 0.5 mL of water for 
3 minutes. The mixture was then washed repeatedly with 
brine until no more precipitate formed- The organic 
5 layer was dried over MgSO^, filtered and concentrated 
to yield 30 mg of the product (52%). TLC: Rf - 0.22, 
20% ethyl acetate/hexane. 

B. Confound 64. A solution of the resultant 
conqpotinds of Exaxcples 52D and 39A (total yields) in a 

10 mixture of 1 inL of dichlorome thane, 0*3 mL of saturated 
NaHCOg and a small amount of solid NaHC03 was stirred 
at room temperature for 2 hours. The solution was 
diluted with 30 mL of dichloromethwe and the two 
layers were separated. The aqueous layer was extracted 

15 once with dichloromethane chloride. The combined 

organic layer was washed with brine, dried over MgS04 
cuad concentrated. The residue was purified by 
preparative thin layer chromatography with 90% 
dichlorometheuie/ether as an eluent to yield 30 mg of 

20 the title product as a white solid; TLC: Rf » 0.46, 10% 
EtjO/CHjClj/HPLC Rt « 17.6 min; (^H) -NMR (CDCI3) : fiB.45 
(S), IH; 7.96(d), IH; 7.65 (d) , IH; 7.25 (m), 5H; 
4.65(d), IH; 3.85(m), IH; 3.78(m), IH; 3.30(d), 2H; 
3.10(m), 2H; 2.90(m), 2H: 1.90(m), IH; 1.40(s), 9H; 

25 . 0.90 (d) , 6H. 

Pxgmtpl^ $g 

Coii5)ound 65. A solution of 13.1 mg 
(0.025 mmol) of the resultant coirpound of Exaziple 64E 
in 1.5 mL of ethyl acetate was treated with gaseous HCl 
30 (moderate stream) at O^C for 3 minutes. The solvent 

was removed to yield a solid residue which was used in 
the next reaction without further purification; TLC: 
Rf = 0.52, 10% .CHgOH/CHjCij. A solution of this 



wo 94/05639 



PCr/US93/08458 



- 152 - 

hydrocliloride salt (entire yiield) in l mL of 
dichloromethane was treated sequentially with 9.2 fih 
(0.053 inmol) of diisopropyl ethyl andne and 4.0 fiL 
(0.028 mmol) of benzyl chlorof ormate. After 3 hours, 
5 the mixture was concentrated and purified by 

preparative thin layer chromatography with 90% 
dichloromethane/ether as an elueat to yield 11.7 of 
the title corapoxind as a white solid; TLC: Rf » 0.65, 
10% Et20/CH2Cl2; HPLC Rt - 17.6 min; ('h) -MMR (CDClg: 
10 6 8,45(8), IH; 7.96(d), IH; 7.65 (d), IH? 7.25 (m), lOH; 
5.00, (m), 2H; 4.85(d), IH; 3.86 (m), 2H; 3.60(bs) , IH; 
3.25(m), 12H; 3.05(d), 2H; 2.96(m), IH: 2.98(m), IH; 
.1.88(m), IH; 0.90(dd), 6H. 

Example 66 

15 Compound 66. A solution of 100 mg • 

(0.46 mmol) of the resultant compound of Example 64D 
and 101 mg (0.286 mmol) of the resultant con?)Ound of 
Example 48A in a mixture of 2 "mL of dichloromethane, 
0.5 mL of saturated NaHCOg and small amount of solid 

20 NaHCOg was stirred at rocan tenperature for -2 hours. 

The solution was diluted with 50 mL of dichloromethane 
and the two layers were separated. The aqueous layer 
was extracted once with dichloromethane. The conibined 
organic layer was washed with brine, dried over MgS04 

25 and concentrated. The residue was purified by 

preparative thin layer chromatography with 20% ethyl 
acetate/hexane as an eluent to yield 82 mg of the title 
product as a slightly impure pale yellow solid. The 
material was further purified by preparative HPLC with 

30 a linear gradient solvent system of 35% to 80% of 
acetonitrile/water (0.1% TEA) over 80 min. Upon 
removal the solvents 50 mg of white solid was obtained. 
TLC: Rf « 0.46, 10% EtjO/CHjClj; HPLC, Rt = 17.6 min; 
(^H)-NMR (CDCI3): 6 8.45 (s) , IH; 7.96 (d) , IH; 7.65 
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(d), IH; 7.25 (m), 5H; 5.15 (m) , IH: 4.85 (d) , IH; 3.82 
(m) 4H; 3.68 (d) , IH; 3.20(m), 2H, 3.05 (d) , 2H; 2.96 
(m), IH; 2.88 (m) , IH? 2.14(m), IH; 1.92(m), 2H; 
1.50(bs), IH; 0.90(dd), 6H. 

5 BPCWffpJre 67 

Compound 67. Following the procedure 
described in Example 4 OB, a solution of the resultant 
compound of Bxaxnple 4 OA in CH2CI2 is treated with bis- 
((carboxamido) -amino) -acetic acid, 

10 diisppropylethylamine, HOBt, and EDC in a 1:1:1:1:1 

molar ratio, the mixture is stirred for 16 h at ambient 
temperature while protected from moisture, then diluted 
with additional CH2CI2 and washed sequentially with 
H2O, saturated NaHC03 solution and brine, then dried 

15 over MgSO^ and concentrated in vacuo. The residue is 
purified by silica gel chromatography using an 
appropriate eluant to yield the title product. 

Compound 68. This coitqpound was prepared by the 
20 route described in Example 26, except that the reacting 

amine used was the resulting compound of Example 39A 

(146 mg, 0.43 mmol) and the acylating agent was 4- 

fluorophenyl sulphonyl chloride (27 mg, 0.14 mmol). 

After chromatographic purification on a silica gel 
25 col\min using 8% CHjOH/CH^Cl^ as eluent, 92.8 mg of the 

title con5)Ound was obtained. HPLC: Rt « 15.9 minutes. 

TLC: Rf « 0.54/ 8% MeOH/CHjCl^; (^H)-NMR (CDCI3) 

consistent with structure. 



30 



Example 69 

A. The resulting compound of Example 68 (72.1 mg, 
0.167 mmol) was dissolved in 90% aqueous TFA (3.3 mL) , 
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and the reaction mixture stirred for 3 hours at room 
temperature, then was concentrated to dryness. TLC: Rf 
« 0.29, 8% MeOH/CHjClj. 

B. Coit5)ound 69. To a solution of the resulting 
5 compound of Example 69A (41 • 7 mg, 0.09 ramol) in CH^Cl^ 
(2 mL) was added diisopropylethtylamine (47 fil, 0.27 
mmol) cmd the resulting compound of Example 48A (33 rog, 
0.15 ramol), and the reaction proceeded for 14 hours at 
room temperature. The reaction mixture was then 

10 concentrated, and the residue was chromatographed on a 
silica gel column using 8% THP/CHjClj was eluent, 
yielding the desired compound which was further 
subjected to purification by preparative HPLC, yielding 
7.8 mg of a white solid. HPLC: Rt = 13.5 minutes. 

15 TLC: Rf « 0.36, 8% THF/CHjClj,- (^H) -NMR (CDCI3) 
consistent with structure. 

Example 7P 

Compound 70. A solution of 30 mg of the resulting 
coit5)o\ind of Example 54 and 17.6 mg of 3-acetamido-4- 

20 fluorobenzenesulfonyl chloride in 10 mL of CH2CI2 was 

reacted in the same maimer as described for Exairqple 14. 
After workup and purification by preparative reversed- 
phase Cj^g HPLC using a linear gradient of 35% to 100% 
CH3CN/H2O with 0.1% TFA as eluent, 2.0 mg of the title 

25 caaxpounA was obtained. TLC: Rf = 0.5, 10% CH3OH in 
CHjClj. HPLC: Rt - 13.74 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Compound 71. A 30 mg portion of the 
30 resultant coirpound of ExaitqDle 58 was deprotected with 

trifluoroacetic acid and the resulting compound reacted 
with 9 fiL of dimethysulfamoyl chloride in 10 mL of 
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C3I2C12 was reacted in the m a nn er described in 
Exasqple 14. After workup and purification by 
preparative reversed -phase C^^ HPLC using a linear 
gradient of 35% to 100% CH3CN/H2O with 0.1% TFA as 
5 eluant, 6.5 mg of the title compound was obtained. 
TLC: Rf » 0.2, 3% MeOH in CH2CI2. HPLC: Rt « 
15.96 min; (^H)-NMR {CDCI3) consistent with structure. 

Bxjmtplg 72 

Compoxind 72. A solution of the resulting compotind 
10 from the trifluoroacetic acid deprotection of Example 
69A (31 mg, 0.07 mmol) in CH^Cl^ (2 mL) was added 
diisopropylethylamine (47 fil, 0.27 mmol) and 
dimethylsulfamoyl chloride (22 /xl, 0.20 mmol), and the 
reaction proceeded for 16 hours at room temperature. 
15 The reaction mixture was then concentrated, and the 

residue was chromatographed on a thick layer silica gel 
plate (1.0 mm) using 5% THF/CHjCl^ as eluent, yielding 
the desired compoxind which was further subjected to 
purification by preparative HPLC to yield 7.8 mg of a 
20 white solid. HPLC: Rt « 14.8 minutes, TLC: Rf « 0.44, 
5% THF/CHjClj. 

Example 73 

Compound 73. A 43 mg portion of the 
resultant compound of Example 54 was treated with 1 mL 

25 of 90% aqueous TFA and allowed to stand for 12 h. The 
mixture was concentrated in vacuo and the residue taken 
up in 5 itOi of CH2CI2. To this solution, 3 mL saturated 
aqueous sodium bicarbonate and 25 mg of 2,5- 
dimethoxybenzenesulfonyl chloride was added, and the 

30 mixture was stirred for 12 h, warming slowly to ambient 
teirperature. After concentration of the mixture 
in vacuo, the residue was purified by thick layer 
silica gel chromatography using 3% MeOH/CHjClj as 
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eluant followed by preparative reversed -phase C^q HPLC 
using a linear gradient of 35% to 100% C3I3CN/H20 with 
0.1% TFA as eluant to obtain 5.5 mg of the title 
compound. TLC: Rf -= 0.20, 3% MeOH/CHjClj. HPLC: Rt « 
5 15.15 xnin; (^H)-NMR {CDCI3) consistent with structure. 

A. Compound XXI (A = tert-butoxycarbonyl, D' » 
cyclopropylmethyl. A' » H) . To a solution of compound 
XX (A « tert-butoxycarbonyl) (0.8 g, 2.67 mmol) in 

10 ethanol (30 mL) was added a solution of KOH (0.18 g/ 
3.2 mmol) in ethomol (20 mL) and the mixture stirred 
for 45 min at room ten^erature. In a separate flask, a 
solution of cyclopropylmethyl- amine hydrochloride (1.44 
g, 13.3 mmol) in ethanol (20 mL) was added KOH (0.75 g, 

15 13.3 mmol). The mixture was stirred 30 min at room 

temperature.^ The solutions were combined cuid heated at 
85 ®C for 3 h. The solution was concentrated under 
reduced pressure and the residue slurried in diethyl 
ether and filtered. The ethereal layer was 

20 concentrated to give 0.32 g of a white solid; ('*'H)-NMR 
(CDCI3) consistent with structure. 

B. Compound 74. To a solution of the resulting 
conpound of Example 74A (0.1 g, 0.30 mmol) in CHjClj (20 
mL) was added a saturated solution of sodituci 

25 bicarbonate, followed by addition of solid sodium 
bicarbonate (30 mg, 0.36 mmol), then 4- 
f luorobenzenesulf onyl chloride (0.07 g , 0.36 mmol ) . 
The mixture was allowed to stir at room temperature for 
4 h. The organics were extracted into 250 mL CH^Clj, 

30 dried over anhydrous MgSO^, concentrated under reduced 
pressure then purified via medium pressure liquid 
chromatography using a gradient system of CR^Cl^ 
followed by 0.5:99.5 methahol/CH^Cl, followed by 1:99 
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methanol/CHjClj. The title conqpoiind was obtained as 35 
zng of a colorless foam. HPLC: Rt 16.8 mln. TLC: Rf 
« 0,32, 3:97 methanol /CH^Clj; (^H) -NMR (CDCI3) 
consistent with structure. 

5 PaanplP 75 

A. Coznpound XXI (A » tert-butosgrcarbonyl, D' « 
isopropyl. A' «> H) • To a solution of Coxnpound XX (A » 
tert-buto3Qrcarbonyl) (1.67 xnmol) in ethanol (10 mL) was 
treated with isopropylamine (10 mL) . The solution was 

10 . heated to 85®C for 72 h. The solution was filtered 

then concentrated under reduced pressure to give 0.56 g 
of the title compound which was useid without subsequent 
purification. (^H)*NMR (CDCI3) consistent with 
structure. 

B. Coirqpound 75. To a solution of the resultant 
compoxind of Example 75A (0.2 g, 0.65 mmol) in CH2CI2 
(10 mL) was added a saturated solution of sodium 
bicarbonate (3 mL) , followed by addition of solid 
sodiiam bicarbonate (O.ll g, 1.31 mmol), then p- 
fluorobenzenesulfonyl chloride (0.25 g, 1.28 mmol). 
The mixture was stirred overnight at aitibient 
temperature. The organics were extracted into 100 xnL 
CH2Cl2f dried over anhydrous MgSO^, concentrated under 
reduced pressure then purified via medium pressure 
silica gel chromatography using a gradient system of 
CH2CI2 followed by 1:99 methanol/CH2Cl2- The title 
compound was obtained as a colorless foam 200 mg. TLC: 
Rf « 0.22, 3:97 methanol /CH2CI 2, HPLC: Rt « 16.48 min; 
(^H)-NMR (CDCI3) consistent with structure. 
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Example 76 

A. ConqDOiind XXI (A = tert-butoxycarbonyl, « 
morpholinyl, A' = H) . To a solution of compound XX (A 
= Boc) in ethcuiol is added 3 molar equivalents of N- 
5 amino morpholine. The mixture is heated under reflux 
for 12 h, cooled, and the mixture concentrated in 
vacuo. The residue is purified by preparative 
reversed -phase chromatography using a linear gradient 
of 5% to 100% acetonitrile/HjO as eluant to yield the 
iO title compound. 

^B. Ccni^ound 76. Following the procedure described in 
Exasiple 81, a solution of the resultant conqpound of 
Example 76A in CH2CI2 is reacted with 4- 
f luorobenzenesulf onyl chloride in the presence of water 

15 and NaHCOo. Following dilution with additional CH2CI2 
and aqueous workup, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 

20 product. 

Example 77 

A. Compound XXI (A = tert-butoxycarbonyl, D' = 4- 

( N,N- dime thy lamino) -benzyl, A' « H) . To a solution of 
compound XX (A = Boc) in ethanol is added 3 molar 

25 equivalents of 4-aminomethyl- (N,N- dimethyl) - aniline. 
The mixture is heated under reflux for 12 h, cooled, 
and the mixture concentrated in vacuo. The residue is 
purified by silica gel chromatography using an 
appropriate solvent system as eluamt to yield the title 

30 product. 

B. Conpoxmd 77. Following the procedure described in 
Example 81, a solution of the resultant compound of 
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Exan?)le 77A in CH2CI2 is reacted with 4- 
fluorobenzenesulfonyl chloride in the presence of water 
and NaHCOg. Following dilution with additional ai2Cl2 
and aqueous workup, the resultant product is dried over 
5 MgS04, filtered, and concentrated in vacuo. The 

residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 
product. 

Example 78 

10 A. Conqpound XXI (A « tert-butoxycarbonyl, D' 

cyclopentyl, A« « H) . To a solution of conqpotind XX (A 
« Boc) in ethanol is added 10 molar equivalents of 
cyclopentylamine. The mixture is heated under reflux 
for 12 h, cooled, and the mixture concentrated in 

15 vacuo. The residue is used without subsequent 
purification; 

B. Compound 78 » Following the procedure described in 
Exanple 81, a solution of the resultamt compound of 
Example 78A in CH2CI2 is reacted with 4- 

20 fluorobenzenesulfonyl chloride in the presence of water 
and NaHCOg. Following dilution with additional CH2CI2 
and aqueous workup, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue is then purified by silica gel chromatography 

25 using an appropriate solvent system to yield the title 
product . 

Example 79 

A. Con5)ound XXI (A « tert-butoxycarbonyl, D' « 2- (4- 
pyridyl) ethyl. A' « H) . To a solution of compound XX 
30 (A «= Boc) in ethanol is added 3 molar equivalents of 4- 
aminoethylpyridine . The mixture is heated under reflux 
for 12 h, cooled, and the mixture concentrated in 
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vacuo. The residue is purified by preparative 
reversed -phase chromatography using a linear gradient 
of 5% to 100% acetonitrile/HjO as eluant to yield the 
title product. 

5 B. Coxnpound 79. Following the procedure described in 
Example Bl, a solution of the resultant coxrpound of 
Example 79A in CH2CI2 is reacted with 4- 
fluorcd>enzenesulfonyl chloride in the presence of water 
and NaHCOg. Following dilution with additional CH2CI2 
10 and aqueous workup, the resultant product is dried over 
filtered, and concentrated in vacuo. The 
residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 
product. 

IS Example 80 

A. 4-Cyanotetrahydro-4H-pyfan. Following essentially 
the procedure of Yoneda, R. "Cyahophosphate: An 
Efficient intermediate for Conversion of Carbonyl 
coxcqpoxinds to Nitriles, " Tetrahedron Lett . . 30, 3681 

20 (1989), a solution of tetrahydro-4H-pyran-one (9.9 g, 
97.8 mmol) in dry THF (50 mL) is reacted with lithium 
cyanide (9.7 g, 294 mmol) and diethyl cyanophosphonate 
' (24 g, 146 mmol) . The mixture is stirred for 24 h at 
ambient temperature. The reaction is quenched by the 

25 addition of 100 mL HjO. The product is extracted into 
1.5 L of diethyl ether, dried over anhydrous MgSO^ then 
concentrated under reduced pressure. The residue is 
dissolved in dry THF (30 mL) and tert -butyl alcohol 
(7.25 g, 97.8 mmol). This solution is added slowly to 

30 75 mL of a 1 M solution of Sml^. The mixture is 

stirred for 15 h at ambient tenperature. The reaction, 
is quenched by addition of 100 mL of saturated aqueous 
NH.Cl. The resulting mixture is extracted with diethyl 
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ether and the organic layers dried over anhydrous MgSO^ 
and concentrated xmder reduced pressure. Purification 
by silica gel chromatography gives the title compound. 

B . 4 • { aminomethy 1 ) t et rahydro - 4H - pyran 

5 To a solution of the compound of the Exaiiple 80A (10 g, 
89.9 xnmolj in absolute ethanol (200inL) is added Raney 
Nickel (2.0 g, 50% slurry in water). The mixture is 
stirred for 24 hours at axnbient tenqperature under 40 
psig of hydrogen. The solution is filtered through 
10 celite and the solution concentrated under reduced 

pressure. The residue is taken up in ether (2L) washed 
with brine, dried in anh. MgSO^, then concentrated 
under reduced pressure to give the title commpo\ind. 

C. (1S,2R) -N- (l-Benzyl-B- (N- (4- 

IS'^ (aminomethyl) tetrahydro-4H-pyran) ) "2-hydroxypropyl) - 
tert butoxycarbonylamine . 

To a solution of the compound of Exanple 80B (5g, 48.5 
mmol) in absolute ethanol (20mL) is added the compound 
XX (AeBoc) (2.55 g, 9.7 mmol) . The mixture is stirred 
20 for 24 hours at ambient tenrperature • The solution is 
concentrated iinder reduced pressure and the crude 
product is puffed via col\imn chromatography to give the 
title compound. 

D. Con5)Ound XXII (A«Boc, D' = (4- tetrahydro-4H- 
25 pyranyl ) methyl , A To a solution of con5)Ound XX 

(A=:Boc) in etheuiol is added 3 molar equivalents of the 
resulting confound of Exairqple 80C. The mixture is 
heated under reflux for 12 h, cooled, and the mixture 
concentrated in vacuo. The residue is purified by 
30 preparative reversed -phase chromotography using a 
linear gradient of 5% to 100% acetonitrile/HjO as 
eluant to yield the title compoxind. 
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To a solution of compound XX(A«Boc) in 
ethanol is added 3 molar equivalents of N* amino 
morpholine. The mixture is heated under reflux for 12 
h, cooled, and the mixture concentrated in vacuo. The 
5 residue is purified by preparative reversed-phase 

chromatography using a linear gradient of 5% to 100% 
acetonitrile/H^O as eluant to yield the title compound. 

E. Conqpotmd 80. Following the procedure 

described in Exanple 81 r a solution of the resultant 

10 compo\md of Exanple SOD in CH2Ci2 is reacted with 4- 

fluorobenzenesulf onyl chloride in the presence of water 
euid NcOICOg, Following dilution with additional CHjClj 
and aqueous workup, the resultant product is dried over 
^9^0^, filtered, and concentrated in vacuo. The 

15 residue is then purified by silica gel chromatography 
to yield the title product. 

A. Compound XXII (A = tert-butoxycarbonyl, D' = 
ispbutyl, E « 3,4-dichlorophenyl) . A solution of 316 

20 mg of the resultant conqpound of Example 39A in 4:1 
CH^Cl^/saturated aqueous NaHCOj was treated 
sequentially, at ambient tenqperature under an 
atmosphere of nitrogen, with 276 mg of 3,4- 
dichorobenzenesulf onyl chloride and 95 mg of sodium 

25 bicarbonate. The mixture was stirred for 14 h, diluted 
with CH^Clj/ washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CHjClj as eluent 

30 to yield 490 mg of product. TLC: Rf = 0.26, 5% diethyl 
ether in CH^Clj. HPLC: Rt « 18.92 min. (^H) -NMR 
(CDCl^) consistent with stinicture. 
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B. Coirpound XXII (A = H, D' e isobutyl, E = 3,4- 
dichlorophenyl , hydrochloride salt) • A solution of 467 
mg of the resultant coxitpound of Exaxiqple 81A in ethyl 
acetate was treated at -20^C with HCl gas. The HCl was 

5 bubbled through the mixture for 20 min over which time 
the temperature %fas allowed to warm to 20®C. Nitrogen 
wais then btibbled through the mixture for 15 min and 
solvent removed in vacuo to yield 412 mg of product as 
a white solid which was used without subsequent 
10 purification. 

C. Conpound 81. A solution of 91 mg of the resultant 
compound of Exas^le BIB in CH^Cl^ was treated 
sequentially, at ambient texrperature under an 
atmosphere of nitrogen, with 25 mg of allyl 

15 chlorof ormate and 52 mg N,N-dii8opropylethylamine. The 
mixture was stirred for 4 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over. MgSO^, filtered, and concentrated in vacuo to 

20 yield 89 mg of the title product as a white solid. 

TLC: Rf = 0.53, 5% diethyl ether in CH^Clg. HPLC: Rt = 
17.95 min. {^H)-NMR (CDCI3) consistent with structure. 

Example 82 

A . ( 3 - Pyridyl ) -methyl - 4 - ni trophenyl - carbonate . To a 
25 solution of 3.65 g of bis- (ni trophenyl) carbonate in 
25 mL of CH2CI2 at O^C was added sequentially 0.97 inL 
of 3 -pyridyl carbinol and 1.3 mL of 4 -methyl morphine. 
After stirring at room temperature for 24 hours, the 
resultant mixture was diluted with 100 mL of CH2CI21 
30 washed with saturated sodium bicarbonate, water amd 
brine, dried over magnesium sulfate^ filtered and 
concentrated in vacuo. The residue was purified by 
filtration through a plug of silica gel, using 0-40% 
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EtOAc/CHjClj as eluent to provide 1.68 g of the title 
product. TLC: Rf 0.19, 50% EtOAc/hexane . 

B. Conipound XXII (A » tert-butoxycarbonyl, D' « 
isobutyl, E » 3 ,4-benzofurazan) . To a solution of 

5 498.6 xng of the resultant conpo\md of Exaxnple 39A in 
10 mL of C3I2CI2 was added sequentially, 2 znL of 
saturated sodium bicarbonate, a small amount of solid 
sodiiun bicarbonate and 518.4 mg of the resultant 
coznpoimd of Example 64D. After stirring at room 
.10 temperature for 3 hours, the resultant mixture was 
diluted with 60 mL of CH2CI2, washed with saturated 
sodium bicarbonate cind brine, dried over magnesiiim 
sulfate, filtered cuid concentrated in vacuo. The 
residue was purified by silica gel chromatography using 
15 5% diethyl ether/hexane as eluent to yield 300 mg of 
white solid. TLC: Rf =.0.80, 50% EtOAc/hexane . 

C. Compoxuid XXII (A « H, D' » isobutyl; B « 3,4- 
benzofurazeui, hydrochloride salt. ) . A solution of 
60.3 mg of the resultant conpound of Example 82B in 

20 3 mL of EtOAc at -20*»C'Was treated with anhydrous HCl 
gas for 5 min. The ice bath was removed and after an 
additional 10 min. The reaction mixture was spa.rged 
with nitrogen then concentrated in vacuum and the 
resulting white solid used without subsequent 

25 purification for subsequent reaction. 

D. Compound 82; To a solution of the resultant 
coznpound of Example 82C (entire yield) in 2 mL of 
CH2CI2 was added sequentially, 45 /iL of ' 
diisopropylethylamine and 35.1 mg of the resultant 

30 conpoimd of Example 82A. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was purified by preparative thin layer chromatography 
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using 60% ether/CH2Cl2 as eluent followed by 
preparative reversed -phase C^g HPLC using a linear 
gradient of 40% to 100% CH3CN/H2O with 0.1% TFA as 
eluant. The resultant TFA salt of the title compound 
5 was washed with saturated sodium bicarbonate to yield 
6.5 mg of the title compound. TLC: Rf «.0.15, 20% 
BtOAc/CHjClj. HPLC: Rt = 13.52 min. (^H) -NMR (CDCI3) 
consistent with structure. 

Example 83 

10 A. Coznpound XXII (A « tert-butoxycaronyl, D* 

isobutyl, E = 4-acetainido-3-chlorophenyl) • A solution 
of 339 mg of the resultant confound of Example 39A in 
4:1 CH2Cl2/saturated aqueous N6aiC03 was treated 
sequentially, at ambient teziperature under an 

15 atmosphere of nitrogen, with 324 mg of 4-acetcunido-3- 
chlorobenzenesulfonyl chloride and 102 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CH2Cl2« washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

20 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether in CH2CI2 as 
eluent to yield 498 mg of product. TLC: Rf « 0.27 (20% 
diethyl ether in CH2CI2) • HPLC: Rt » 16.20 min. 
(^H) -NMR (CDCI3) consistent with structure. 

25 B. Compound XXII (A = H, D* = isobutyl, E « 4- 
acetamido-3-chlorophenyl, hydrochloride salt)* A 
solution of 474 mg of the resultant compound of Example 
83A in ethyl acetate was treated at -20*^C with HCl gas. 
The HCl was bubbled through the mixture for 20 min over 

30 which time the tenrperature was allowed to warm to 20**C. 
Nitrogen was then bubbled through the mixture for 15 
min and the solvent was removed in vacuo to yield 421 
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mg of product as a white solid which was used without 
subsequent purification. 

C. Coir5)ound 83. A solution of 92 mg of the resultant 
compoimd of Exanqple 83B in CH2CI2 was treated 
5 sequentially, at anibient temperature under an 
atmosphere of nitrogen, with 24 mg of allyl 
chloroformate and 52 mg N,N-diisopropylethylamine, The 
mixture was stirred for 4 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 

10 and washed with 0.5 N HCl and saturated NaCl, then 

dried over MgSO^, filtered, and concentrated in vacuo 
to yield 106 mg of the title product as a white solid. 
TLC: Rf = 0.38 (20% diethyl ether in CH^Cl^) . HPLC: Rt 
e 15.28 min. (^H) -NMR (CDCI3) consistent with 

15 structure. 

Example 84 

Cornpound XXII (A = tert-butoxycarbonyl, D» = 
isobutyl, E « 3,4*dichlorophenyl) . To a solution of 
the resultant compound of Example 51D (220 mg, 0.61 

20 mmol) in C3I2CI2 (10 mL) was added the 3,4- 

dichlorobenzenesulfonyl chloride (300 mg, 1.22 mmol) 
followed by the addition of a saturated solution of 
sodixam bicarbonate (3 mL) followed by addition of O.lg 
of solid sodium bicarbonate. The mixture was stirred 

25 at ambient temperature overnight. The solution was 
diluted with 100 mL CH2CI2, the organics separated, 
dried over anhydrous, MgSO^, and the organics 
concentrated under reduced pressure to obtain 0.17 g of 
cirude product. The crude product was purified via 

30 medium pressure liquid chromatography using CH2CI2 

followed by 0.5:99.5 methanol /CH2CI 2 followed by a 1:99 
methanol/CH2Cl2 solution as the solvent system to give 
103 mg of the title compound as a white solid. TLC: 
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Rf « 0.56 (3:97 methanol /CHjClj ), HPLC: Rt « 19.78 min. 
(^H)-NMR (CDCI3) consistent with structure. 

A. (3-Tetrahydrofuryl) -^lethyl-4-nitrophenyl- 
5 carbonate. To a solution of 1.21 g of p-nitrophenyl 
chlorofoimate in 20 mL of CH2CI2 O^C was added 
sequentially, 0.51 9 of tetrcLhydro-3-furanxnethanol and 
0.66 xqL of 4 -methyl morpholine. After stirring at room 
temperature for 2 hours. The mixture was stirred for 
10 2 hours and concentrated in vacuo. The residue was 
purified by filtering through a plug of silica gel, 
using 0-50% EtOAc/CH2Cl2 as eluent to provide 1.17 g of 
the title product as a pale yellow solid. TLC: Rf » 
0.20, 50% EtOAc/hexsme • 

15 B. Compound 85. To a-solution of 70 mg of the 

resultant compound of Exaznple 81B in 1 mL of THF was 
added sequentially, 56 fih of diisopropylethylamine and 
a solution of 46.6 mg of the resulteuit confound of 
Exanple 85A in 1 mL of THF. The mixture was stirred 

20 for 24 hours euid.then concentrated in vacuo. The 

residue was diluted with 60 mL of CH2Cl2« washed with 
5% sodixim bicarbonate and brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo to yield 
120 mg of crude product. The residue was purified by 

25 preparative thin layer chromatography using 20% 

EtOAc/CH2Cl2 as eluent to yield 82 mg of the title - 
compound. TLC: Rf « 0.4, 20% EtOAc/CH2Cl2 • HPLC: Rt = 
17.08 min. (^H)-NMR (CDCI3) consistent with structure. 

Example 86 

30 Confound 86. A solution of 42 mg of the resultant 

conqpound of Exanple 40A in CH2CI2 was treated 
sequentially, at axiibient temperature under an 
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atmosphere of nitrogen, with 41 mg of the product of 
Example 52A and 46 mg N,N-diisopropylethylamine- The 
mixture was stirred 14 h, diluted with CHjClj, washed 
with saturated NaHCOj and saturated NaCl, then dried 
5 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by preparative thin layer silica 
gel chromatography using ethyl acetate as eluent to 
yield 43 mg of product- TLC: Rf « 0.44 (20% ethyl 
acetate). HPLC: Rt - 13.14 min. (^H) -NMR {CDCI3) 
10 consistent with structure. 

Example 87 

A. Conqpound XXII (A « H, D' = isobutyl, B » 4- 
acetamido, 3-fluoro) . A solution of 25 mg of the 
resultant compound of Example 54 in EtOAc (10 mL) at 

15 O^C was treated with anhydrous hydrogen chloride gas 
for 10 min., and allowed to stand for 12 h while 
warming to ambient ten5)erature . The resultant mixture 
was then concentrated in vacuo to yield confound as a 
white solid which was used without subsecpient 

20 purification for ensuing reaction. 

B. Conqpound 87. A 0.045 mmol portion of the 
resultant conqpound of Example 87A was taken up in 5 mL 
of CH2CI2. To this solution, 40 fih of 
diisopropylethylamine and 6 /iL of allyl chlorof ormate 

25 were added at 0*^0 and the mixture was stirred for 12 h, 
while warming slowly to ambient tenperature . The 
resulting mixture was diluted with CH2CI2/ washed with 
saturated brine, dried over magnesium sulfate and 
filtered. After concentrated in vacuo, the residue was 

30 purified by preparative reversed -phase C^g HPLC using a 
linear gradient of 35% to 100% CH3CN/H2O with 0.1% TFA 
as eluant to obtain 11.6 mg of the title compound. 
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TLC: Rf = 0.20, 5% MeOH/CHjClj. HPLC: Rt » 14.6 min; 
(^H)-HMR (ca)Cl3) consistent with structure. 

Bacample 88 

Conpound 88. A 0.033 mmol portion of the 
5 resultcmt conpound of Exainple 87A was taken up in 5 xnL 
of CH2C12- To this solution, 26 fiL of triethylaxnine 
and 12 mg of the resultant conpound of Exaznple 48A were 
added and stirred for 12 h. The resulting mixture was 
diluted with CH2Cl2# washed with saturated sodium 

10 bicarbonate solution and saturated brine , dried over 

magnesium sulfate and filtered* After concentration of 
the mixture in vacuo, the residue was purified by thick 
layer silica gel chromatography using 5% MeOH/CH2Cl2 as 
eluant followed by preparative reversed-phase C^g HPLC 

15 using a linear gradient of 35% to 100% CHgCN/HjO with 
0.1% TFA as eluant to obtain 7.5 mg of the title 
compound. TLC: Rf « 0.30, 5% MeOH/CH2Cl2. HPLC: Rt » 
13.38 min; (^H) -NMR (CDCI3) consistent with structure. 

20 Compoxind 89. A solution of 28 mg of the resultant 

compoxind of Example 81B in CH2CI2 was treated 
sequentially, at ambient ten5)erature under an 
atmosphere of nitrogen, with 8 mg of n- propyl 
chloroformate and 17 mg N,N-diisopropylethylamine. The 

251 mixture was stirred for 3 h cmd then concentrated 

in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 
yield 31 mg of the title product as a white solid. 

30 TLC: Rf = 0.35 (5% diethyl ether in CHjCla) . HPLC: Rt = 
18.12 min. (^H)-NMR (CDCI3) consistent with structure. 
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Compound 90. A solution of 28 mg of the resultant 
compound of Example 83B in CH^Cl^ was treated 
sequentially, at axnbient tenperature under an 
5 atmosphere of nitrogen, with 7 mg of n-propyl 

chloroformate and 15 mg N,N-diisopropylethylamine. the 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
10 over MgSO^, filtered, and concentrated in vacuo to 
yield 30 mg of the title product as a white solid, 
TLC: Rf « 0.47 (20% diethyl ether in CH^Clj) , HPLC; Rt 
F 15.41 min. (^H) -NMR* {CDCI3) consistent with 
structure. 

15 Bi^famp?-^ g?, . 

A. 3-Acetamidobenzene sulfonic acid. A solution of 
1.48 g of 3-aminobenzene sulfonic acid in 1:1 
tetrahydrofuran/water was treated at 0*C with 1.43 g of 
sodium bicarbonate. After 5 min, 1.30 g of acetic 

20 anhydride was added dropwise and the reaction allowed 
to warm to ambient temperature under an atmosphere of 
nitrogen over 14 h. The reaction mixture was passed 
through a colimn of Attiberlyst 15 ion exchange resin, 
eluted with water, and concentrated in vacuo to yield 

25 an oil which upon treatment with benzene and azeotropic 
removal of water in vacuo yielded 1.8 g of the title 
product as a white crystalline solid. (^H) -UMR (CDClg) 
consistent with structure. 

B, 3-Acetamidobenzene sulfonic acid, sodium salt. 
30 The resultant compound of Example 91A in water was 

treated at 0**C with 8.5 mL of 1 N sodium hydroxide. 
The mixture was stirred f or 3 h and concentrated 
in vacuo to yield an oil which upon treatment with . 



wo 94/05639 



PCr/US93/08458 



- 171 - 

benzene suid azeotropic removal of water in vacuo 
yielded the title product as a tan solid which was used 
directly in the next reaction. 

C. B^Acetamidobenzenesulfonyl chloride. The 

5 resultant coinpound of Exaxcqple 9 IB in CH^Cl^ was treated 
at O^C with 4.5 g of phosphorous pentachloride under an 
atmosphere of nitrogen. The mixture was stirred 14 h, 
extracted with OI^CI^, and concentrated in vacuo to 
yield 1.7 g of the title product as a brown oil. TLC: 
10 Rf - 0.21 (1:1 toluene/diethyl ether). (^H)-NMR (CDCI3} 
~ consistent with structure. 

D. Compound XXZI (A » tert-butoxycarbonyl, D> « 
isobutyl, E = 3-acetamidophenyl) . A solution of 280 mg 
of the resultant coinpound of Example 39A in 4:1 . 

15 CH^Cl^/saturated acjueous NaHC03 was treated 

sequentially, at ambient temperature xinder cm 
atmosphere. of nitrogen, with 252 mg of the resultant 
compound of Example 91C suid 105 mg of sodixun 
bicarbonate. The mixture was stirred for 60 h, diluted 

20 with CH2Cl2f washed with saturated NaCl then dried over 
MgSO^, filtered and concentrated in vacuo. The residue 
was purif ed by low pressure silica gel chromatography 
using 20% diethyl ether in CH2CI2 as eluent to yield 156 
mg of the title product. TLC: Rf » 0.14 (20% diethyl 

25 ether in CH^CljWas) . HPLC: Rt « 15.39 min. (^H) -NMR 
(CDCI3) consistent with structure. 

E. Conpound XXII (A = H, D» « isobutyl, E = 3- 
acetamidophenyl , hydrochloride salt). A solution of 
123 mg of the resultant compound of Example 91D in 

30 ethyl acetate was treated at -20**C with HCl gas. The 
HCl was bubbled through the mixture for 20 min, over 
which time the temperature was allowed to warm to 20 °C. 
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Nitrogen was then b\ibbled through the mixture for 15 
min and solvent removed in vacuo to yield 118 mg of the 
title product as a white solid which was used directly 
in subsequent reactions. 

5 F. Compound 91. A solution of 49 mg of the resultant 
compound of Exanple 9 IB in CH2CI2 was added, at ambient 
temperature under an atmosphere of nitrogen, to a 
solution of 48 mg of the resultant conpound of Bxanqple 
48A and 54 mg N,N-diisopropylethylamine in CH^Cl^^ The 

10 mixture was stirred for 14 h, diluted with CH^Cl^, 

washed with saturated NaHCOj and saturated NaCl, then 
dried over MgSO^, filtered and concentrated in vacuo. 
The residue was sxibjected to preparative thin layer 
silica gel chromatography using 5% CH3OH in CH^Cl^ to 

15 yield 42 mg of product. TLC: Rf « 0.32 (5% CH3OH in 
CHjCla) • HPLC: Rt « 13.27 min. (^H) -NMR {CDCI3) 
consistent with structure. 

■. 

Confound 92. To a solution of 63.5 mg of the 
20 resultant compound of Exanrple 17B, diastereomer B in 
1 mL of THF was added sequentially, 52 fiL of 
diisopropylethylamine euid a solution of 43.3 mg of the 
resultant conqpound of Exanqple 85A in 1 mL of THF. The 
mixture was stirred for 24 hours and then concentrated 
25 in vacuo. The residue was diluted with 60 mL of 

CH2Cl2# washed with 5% sodium bicarbonate and brine, 
dried over magnesium sulfate, filtered and concentrated 
in vacuo to yield 70.7 mg of crude producit. The 
residue was purified by preparative reversed -phase C^g 
30 HPLC using a linear gradient of 30% to 100% CH3CN/H2O 
with 0.1% TFA as eluant to obtain 43.9 mg of the title 
compound. TLC: Rf « 0.29, 100% EtOAc. HPLC; Rt = 
13.24 min; (^H) NMR (CDCI3) consistent with structure. 
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A. N" hydroxysuccinimidyl - (R) - 3 - hydroxy tetrahydrofuryl 
carbonate. The title confound was prepared as 
described in Example 48A starting with 81 mg of (R)-3- 

5 hydroxytetrahydrofuran to yield 56 mg of the title 

product as a white solid, (hi) -NMR (CSDCI3) consistent 
with structure. 

B. Compound 93. To a solution of 43 mg of the 
resultant compound of Exanple 35A in CH^Cl^ was added, 

10 at ambient teziqperature under an atmosphere of nitrogen, 
27 mg of the resultaxit ccxnpoimd of Example 93A and 39 
mg N,N-diisoprppylethylamine. The mixture was stirred 
for 14 h, diluted with CHjCl^, washed with saturated 
NcJICOg and saturated NaCl, then dried over MgSO^, 

15 filtered, and concentrated in vacuo. The residue was 
purified by preparative thin layer silica gel 
chromatography using 2% CH3OH in CHjClj as eluent to 
yield 45 mg of the title product as a white solid. 
TLC: Rf - 0.52 (5% CH3OH CHjCl^) . HPLC: Rt o 14.94 min. 

20 (^H) -NMR (CDCI3) consistent with structure. 

Compound 94. A solution of 47 mg of the resultant 
compound of Example 4 OA in CH2CI2 was treated 
sequentially, at ambient tenperature under an 

25 atmosphere of nitrogen, with 28 mg of the product of 
Example 93A and 39 mg N,N-diisopropylethylamine. The 
mixture was stirred for 14 h, diluted with CHjCljr 
washed with saturated NaHCOg and saturated NaCl, then 
dried over MgSO^, filtered, and concentrated in vacuo. 

30 The residue was purified by preparative thin layer 

silica gel chromatography using 5% methanol in CHjClj as 
eluent to yield 40 mg of the title product as a white 
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solid. TLC: Rf = 0.38 (ethyl acetate) . HPLC: Rt = 
13.09 min. (^H) -NMR (CDCI3) consistent with structure. 

Compound 95. To a solution of 72.0 mg (0.189 
5 nmol) of the resultant compound of Example 51D in 
CH2CI2 (4 mL) was added aqueous sodium bicarbonate 
(1 mL) , solid sodiiun bicarbonate 19.1 mg (0.227 mmol) , 
and 2,3-dichlorothiophenesulfonyl chloride 57.1 ing, 
(0.227 mmol) . After 14 h, the resulting mixture was 

10 diluted with EtOAc, washed with saturated brine, dried 
over magnesium sulfate, filtered and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel column chromatography using 5 to 12% 
Et0Ac/CH2Cl2 eluent to provide 49.1 mg of the title 

15 product. TLC: Rf === 0.62 25% Et0Ac/CH2Cl2, HPLC: Rt = 
17.3 min; (^H)-NMR (CDCI3) consistent with structure. 

Example 96 

A. (4-Acetamido) -phenylmethyl-4-nitrophenyl- 
carbonate. To a solution of 242.8 mg of p-nitrophenyl 

20 chlorofoxmate in 5 mL of acetonitrile at O^'C was added 
sequentially, 165.2 mg of 4-acetamidobenzyl alcohol and 
0.13 mL of 4 -methyl morpholine. The mixture was 
stirred for 24 hours and concentrated in vacuo. The 
residue was taken up in CH2CI2 and washed with 5% 

25 sodium bicarbonate and brine, dried over magnesium 

sulfate, filtered and concentrated in vacuo to yield 
320 mg of the title compound. TLC: Rf » 0.23, 50% 
EtOAc/hexane • 

B. . Conqoound 96. To solution of the resultant 
30 compound of Example 4 OA in 1 mL of THF was added 

sequentially, 56 iih of diisopropylethylamine and 63 mg 
of the resultant compound of Example 96A. The mixture 
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was stirred for 24 hours and then concentrated 
in vacuo. The residue was purified by preparative thin 
layer chromatography using 10% methanol /CH2CI2 as 
eluent followed by preparative reversed -phase C^g HPLC 
5 . using a linear gradient of 30% to 100% CH3CN/H2O with 
0.1% TEA as eluant to yield 50.2 mg of the title 
connpound. TLC: Rf « 0.43, 10% methanol/CH2Cl2 • HPLC: 
Rt « 13.54 min. (^H)-NHR (CDCI3} consistent with 
structure*. 

10 Example 97 

Compound 97. To solution of 60 mg of the 
resultant compoxuid of Exanple 35A in 1 mL of was 
added sequentially, 54 of diisopropylethylamine and 
a solution of 48.9 mg of the resultcint conpoxind of 

15 Exainple 85A in 1 mL THF. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was diluted with 60 mL of CH2Cl2« washed with 5% sodium 
bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo. The residue was 

20. purified by preparative thin layer chromatography using 
20% EtOAc/CH2Cl2 as eluent to yield 46.9 mg of the 
title coznpound. TLC: Rf » 0.31, 20% EtOAc/CH2Cl2 • 
HPLC: Rt « 15 .IB min. (^H) -NMR (CDClg) consistent with 
structure. 

25 px^pX^ 99 

Coitpound 98. To a solution of 61.0 mg of the 
resultant coirpound of Exan^le 35A in 1 mL of THF was 
added sequentially, 49 /xL of diisopropylethylamine and 
a solution of 44 mg of the resulteuit confound of 
30 Example 82A in 1 mL THF. The mixture was stirred for 
24 hours ouid then concentrated in vacuo. The residue 
was purified by preparative thin layer chromatography 
using 5% methanol /CH2CI2 as eluent to yield 61.0 mg of 
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a white solid. TLC: Rf = 0.19, 5 methanol/CHjClj. 
HPLG: Rt = 13.28 niin; 13.28 min. (^H)-NMR (CDCI3) 
consistent with structure. 

5 Coiq>ound 99. A solution of 75 wg of the 

resultant conqpound of Bxaziple 5 ID and 45 zng of 4- 
chlorobenzenesulf onyl chloride were reacted in the 
manner described in Bxaxnple 60. After worlcup said 
purification by preparative reversed -phase 0^3 HPLC 
10 using a linear gradient of 35% to 100% CH3C31/H2O with 
0.1% TPA as eluant, 24.6 mg of the title compound was 
obtained. TLC: Rf « 0.3r 4% MeOH/CH2Cl2. HPLC: Rt = 
15.87 min; {^H)-NMR (CDCI3) consistent with structure. 

15 Compound 100. A solution of 40 mg of the 

resultant conppund of Example 51D ctnd 45 mg of 4- 
methoxybenzenesulf onyl chloride were reacted in the 
manner described in Example 60. After workup and 
purification by preparative reversed -phase C^q HPLC 

20 using a linear gradient of 35% to 100% CH3CN/H2O with 
0.1% TFA as eluant, 21.4 mg of the title con5)ound was 
obtained as a white solid. TLC: Rf = 0.2, 4% 
MeOH/CH2Cl2* HPLC: Rt = 14.85 min; (^H)-NMR (CDCI3) 
consistent with structure. 

25 Example 101 

Conqpound 101. This compound was prepared 
frcMti the resultant compoimd of Example 12 8 , by treatment 
with hydrogen chloride gas and subsequent reaction with 
the resultant compound of Example 48A in the manner 
30 described in Exanqple 132. After workup and 

purification by preparative reversed-phase C^g HPLC 
using a linear gradient of 35% to 100% CH3CN/H2O with 
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0.1% TFA as eluant on a portion of the crude mixture, 
4.2 mg of the title coxnpoaand was obtained as a white 
solid. TLC: Rf = 0.2, 4% MeOH/CHjClj. HPLC: Rt - 
11.53 min; (^H) -NMR (CDCI3) consistent with structure. 

5 Example 102 

Compound 102. A solution of 36 mg of the 
resultant compound of Example 40A in CH^Cl^ was treated 
sequentially, at ambient tenperature under am 
atmosphere of nitrogen, with 8 mg of methyl 

10 chloroformate and 22 mg N,N-diisopropylethyla2iiine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo . The residue was taken up in ethyl acetate 
'and washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo. The 

15 residue was purified by low pressure silica gel 

chromatography using 30% diethyl ether in CHjCl^ as 
eluent to provide 27 mg of the title product as a white 
solid. TLC: Rf - 0.10 (30% diethyl ether in CH^Cl^) . 
HPLC: Rt » 13.49 min. (^H) -NMR (CDCI3) consistent with 

20 structure. 

Example 103 

Conpound 103. A solution of 29 mg of the 
resultant compound of Example 81B in CHjClj was treated 
sequentially, at ambient temperature under an 

25 atmosphere of nitrogen, with 6 mg of methyl 

chloroformate and 17 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h cuid then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

30 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Clj as eluent 
to provide 29 mg of the title product as a white solid. 
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TLC: Rf = 0.24 (5% diethyl ether in CH^Clj) . HPLC: Rt = 
17.07 min. (^H) -NMR (CDCI3) consistent with structure. 

Example 104 

Compound 104. A solution of 31 mg of the 
5 resultant compound of Example 35A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 rog of methyl 
chlorof ornate and 21 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 

10 in vacuo. The residue was taken up in ethyl acetate 

and flashed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Clj as eluent 

15 to provide 24 mg of the title product as a white solid. 

TLC: Rf = 0.23 (5% diethyl ether in CHjCl^) • HPLC: Rt = 
15.41 min. (^H)-NMR {CDCI3) consistent with structure. 

Bxample 105 

A. N-hydroxysuccinimidyl methallyl carbonate. To a 
20 solution of 2.9 mL of 1.93 M phosgene in toluene at 
-lO^C was added 857 mg of methallyl alcohol. The 
mixture was stirred for 2 h at -10*'C to produce a 1.9 M 
solution of the title compound which was used directly 
in subsequent reactions. 

25 B. Compoxind 105. A solution of 39 mg of the 

resultant confound of Example 40A in CHjClj was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 0.05 mL of the resultant 
compound of Exair^Dle 105A and 24 mg N,N- 

30 diisopropylethylamine . The mixture was stirred for 3 h 
and then concentrated in vacuo. The residue was taken 
up in ethyl acetate and washed with 0.5 N HCl and 
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saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
ethyl acetate as eluent to yield 18 xng of the title 
5 product as a white solid. TLC: Rf « 0.67 (ethyl 
acetate). HPLC: Rt - 14.97 min. (^H) -MMR (CDCI3) 
consistent with structure. 

Compound 106. A solution of 31 mg of the 
10 resultant compound of Example 81B in CH2CI2 was treated 
selguentially, at axnbient tenqperature imder an 
atmosphere of nitrogen, with 0.04 mL of the resultant 
coxrpoxind of Bxanple 105A and 18 mg N,N* 
diisopropylethylamine . The mixture was stirred for 3 h 
15 £uid then concentrated" in vacuo. The residue was taken 
up in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then driied over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
20 ether/CH2Cl2 as eluent to provide 19 mg of the title 
product as a white solid. TLC: Rf » 0.34 (5% diethyl 
ether/CH2Cl2) . HPLC: Rt « 18.24 min. (^H) -NMR (CDCI3) 
consistent with structure. 

Example 107 

25 Confound 107. A solution of 28 mg of the 

resultant conqpound of Exair?>le 35A in CHjClj was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 0.05 mL of the resultant 
compound of Example 105A and 19 mg N,N- 

30 diisopropylethylamine. The mixture was stirred for 3 h 
smd then concentrated in vacuo. The residue was taken 
up in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO., filtered, and 
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concentrated in vacuo/ The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
ether in CH^Clj as eluent to provide 18 mg of the title 
product as a white solid. TLC: Rf « 0.25 (5% diethyl 
5 ether in CH^Clj) . HPLC: Rt « 16.68 min. -»MR 
(CDCI3) consistent with structure. 

Example 108 

Conqpound 108. To a solution of 62.5 mg of 
124B in 1 siL of THF was added sequentially 56 fiL of 

10 diisopropylethylamine and a solution of 49.6 mg of the 
resultcuat compound of Example 82A in 1 mL TBF, The 
mixture was stirred for 24 hours and then concentrated 
in vacuo. The residue was purified by preparative thin 
layer chromatography using 50% EtOAc/CHjCl^ as eluent 

15 followed by preparative reversed -phase C18 HPLC using a 
linear gradient of 30% to 100% CHjCN/H^O with 0.1% TFA 
as elucmt on a portion of the crude mixture , 4 . 2- mg of 
the title compound %ras obtained as a white solid. TLC: 
Rf » 0.16, 10% methanol/CHjCl^. HPLC: Rt - 13.67 min. 

20 (^H) NMR (CDCI3) consistent with structure. ^ 

E3cample 109 

A. (S) -4-Methoxycarbonyl-oxazlidin-2-one. To a 
solution of 4.88 g of serine methyl ester hydrochloride 
in 25 znL of water was added 6.94 g of potassium 

25 carbonate. The mixture was cooled to 0*^C and 19.5 mL 
of phosgene was added dropwise. After stirring at O^C 
for 3 hours, water was removed to yield a white solid 
with was washed with copious of CH2CI2. The organic 
solution was then dried over magnesium sulfate, 

30 filtered and concentrated to yield 3.26 g of the title 
product as a clear oil. (^H) NMR (D^O) : 6 « 3.82 
(s, 3H), 4.43 (dd, IH), 4.53 (dd, Ih) , 4.67 (t, IH) , 
6.29 (S, IH) . 
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B. (S) -4-Hydroxymethyl-oxazlidin-2-one. To a 
solution of 3.26 g of the resultcint compoxind of Example 
109A In 20 inL of ethanol at O^C was added 0.85 g of 
soditim borohydrlde in small portions • The ice bath was 

5 removed and after additional 3 hours, 20 mL of 2.0 N 
hydrogen chloride was added to the mixture, which was 
then concentrated to yield an oil. The residue was 
extracted with EtOAc and the organic solution was dried 
over magnesium sulfate, filtered and concentrated to 
10 yield 2,50 g of the title" con5)ound. (^H) VMR (CnDClg) : 
6 m 2.48 (B, IE), 3.69 (dd, IH) , 4.08 (m, IH) , 4.31 
(t, IH) , 4.57 (t, IH) . 

C. 4-Nitrophenyl- ( (S) -4-oxa2lidin-2-onyl) -methyl 
carbonate. To a solution of 1.04 g of p-nitrophenyl 

15 chloroformate in 20 mL of CH^Cl^ at O^C was added 
sequentially, 0.5 g of the resultant compoxind of 
Exaxiple 109B cmd 0.6 mL of 4 -methyl morpholine. The 
mixture was stirred for 2 hours at ambient teirperature 
and then concentrated in vacuo. The residue was 

20 purified by low pressure silica gel coltjmn 

chromatography using 20% EtOAc in CH2CI2 eluent to yield 
0.57 g of the title contpound. TLC: Rf » 0.10, 50% 
BtOAc/hexeuie • 

D. Compoxind 109. To a solution of 60 mg of the 

25 resultant compound of Example 35A in 1 mL of THF was 

added sequentially, 56 /iL of diisopropylethylamine and 
a solution of 51.1 mg of the resultant compound of 
Example 109C in 1 mL acetonitrile. The mixture was 
stirred for 24 hours and then concentrated in vacuo. 

30 The residue was purified by preparative thin layer 
chromatography using 5% methanol/CH2Cl2 as eluent to 
yield 60.4 mg of the title compound. TLC: Rf » 0.38, 
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5% methanol/CHjClj. HPLC: Rt « 14.11 min. (^H) NMR 
(CDCI3) consistent with structure. 

Ex^lttpl^ 13.0 

Conqpound 110. To a solution of 60 mg of the 
5 resultcuit compound of Example 40A in 1 mL of 
acetonitrile was added sequentially, 51 of 
diisopropylethylamine and a solution of 46.8 mg of the 
resultsuit compound of Example 1Q9C in 1 inL 
acetonitrile. The mixture was stirred for 48 hours and 

10 then concentrated in vacuo. The residue was purified 
by preparative thin layer chromatography using 10% 
methanol /CHjClj eluent followed by preparative reversed- 
phase C18 HPLC using a linear gradient of 30% to 100% 
CHgCN/HjO with 0.1% TFA as eluant to yield 16 mg of the 

15 title conpound. TLC: Rf = 0.28, 50% EtOAc/CHjCl^ . 

HPLC: Rt = 12.47 min. (^H) NMR (CDCI3) consistent with 
structure. 

E3cample 111 

A solution of 0.067 mmol of the resultant 
20 compound of Exasqple 114D in 5 mL of tetrahydrofuran was 
added 20 fih of diisopropylethylamine followed dropwise 
by a solution of the resultant compound of Example 82A 
in 5 -mL of tetrsJiydrofuran during one hour. The 
mixture was stirred 16 h and then concentrated 
25 in vacuo. The crude residue was purified by thick 

layer silica gel chromatography using 5% MeOH/CHjClj as 
eluant to obtain 21.8 mg of the title compound. TLC: 
Rf « 0.45, 5% MeOH/CHjClj; (^H) -NMR (CDCI3) consistent 
with structure. 



wo 94/05639 



PCr/US93/084S8 



- 183 - 

A. Compound XXII (A » tert-butoxycarbonyl, D* « 
isobutyl, E » 3-sul£onaxtildophenyl) . To a solution of 
96.6 mg (0.287 mmol) of the resultant compo\ud of 

5 Example 39A in CH^Cl^ (4 mL) was added aqueous sodium 
bicarbonate (1 mL) , solid sodium bicarbonate 36.2 mg 
(0.431 mmol), and m-benzene disulfonylchloride 86.9 mg, 
(1.08 mmol) . After stirring for 1 h, 30% ammonium 
hydroxide (10 mL) was added. After 14 h the resulting 

10 mixture was diluted with CH^Cl^f washed with saturated 
brine, dried over magnesiiom sulfate , filtered and 
concentrated in vacuo. The residue was purified by 
flash chromatography using 0% to 10% methanol/CH^Cl^ 
eluent to provide 49 . 3 mg of the title product . 

15 (^H)-NMR (CDCI3) consistent with structure. 

B. Compoimd XXII (A « H, D* » isobutyl, E « 3- 
sulfonamidophenyl , hydrochloride salt) . A solution of 
49.3 mg (0.089 tranol) of the resultant confound of 
Bxan^le 112A in EtOAc (10 mL) at -20^G was treated with 

20 anhydrous HCl gas for 10 min. The ice bath was removed 
and after an additional 15 mizi., the reaction mixture 
was sparged with nitrogen then concentrated in vacuo to 
provide 53.1 mg of title product as the HCl salt. 
(^H) -NMR (CDCI3) consistent with structure. 

25 C. Confound 112. To a solution of 53.1 mg of the 
resultant coitqpound of Example 112B (0.089 mmol) in 
CH2CI2 (3 mL) was treated sequentially at ambient 
temperature under an atmosphere of nitrogen, with 0.031 
mL (0.177 mmol) diisopropylethylamine and 24.3 mg 

30 (0.106 mmol) of the resultant confound of Example 48A. 
The mixture was stirred 16 h coid then concentrated 
in vacuo. The residue was taken up in CHjClj and washed 
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with saturated brine, dried over magnesiiom sulfate, 
filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using a gradient 5% to 20% EtOAc in 
5 CHjClj as eluent to yield 10.8 mg of the title product. 

TLC: RP = 0.4 25% EtOAc in CHjCl^. HPLC: Rt « 13.3 min; 
(^H) NMR (CDCI3) consistent with structure. 

Eacamnle 113 

A. 3-Furansulfonyl chloride. In flame dried 

10 glassware under a nitrogen atmosphere to a solution of 
428 mg (2.909 mmol) of 3 bromofuran in anhydrous 
tetrahydrofuran at -78**C was added 2.0 mL n-butyl 
lithitun (3.2 mmol at 1.6 molar in hexane) . After 45 
minutes the resultant solution was added via caxlnula to 

15 a 20**C solution of sulfuryl chloride in diethyl ether 
(5 mL plus a 2 mL rinse) . After 1 h, the reaction was 
quenched with 0.5 N hydrochloric acid and extraced into 
diethyl ether. The ethereal extracts were washed with 
saturated brine « dried over magnesium sulfate, filtered 

20 and concentrated in vacuo to provide 158 mg of the 
title product. (^H) NMR (CDCI3) consistent with 
structure . 

B. Compound XXII (A « tert-butoxycarbonyl, D* = 
isobutyl, E = 3-furyl). To a solution of 289.7 mg 

25 (0.861 mmol) of the resultant compound of Example 39A 

in CHjClj (8 mL) was added aqueous sodium bicarbonate (2 
mL) , solid sodium bicarbonate 108 mg (1,292 mmol), and 
the resultant product from Example 113A 157.8 mg, (1.08 
mmol) . After stirring for 1 h 30% ammonium hydroxide 

30 (10 mL) was added. After 14 h, the resulting mixture 
was diluted with CH^Clj/ washed with saturated brine, 
dried over magnesium sulfate, filtered and concentrated 
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in vacuo. The residue was purified by flash 
chromatography using 1% to 15% EtOAc/CH^Clj • 

C. Conpound XXII (A » H, D' = isobutyl, E = 3-furyl, 
hydrochloride salt). A solution of 217.3 mg (0.581 

5 mmol) of the resultant cornpoxmd of Exan^le 113B in 

BtOAc (15 mL) at -20^C was treated with anhydrous HCl 
gas for 10 min. The ice bath was removed and after an 
additional 15 min. the reaction mixture was sparged 
with nitrogen then concentrated in vacuo to provide 228 
10 mg of title product as the HCl salt. TLC: Rf » 0.52 
10% methanol /CH2C12* 

D. Compound 113. To a solution of- 65.3 mg of the 
resultant compound of Example 113C (0.162 mmol) in 
CH^Clj (3 mL) was treated sequentially at ambient 

15 temperature tinder cui atmosphere of nitrogen, with 0.056 
mL (0.324 mmol) diisopropylethylamine and 44.6 mg 
((j.l94 mmol) of the resultant compound of Example 48A. 
The mixture was stirred 16 h and then concentrated 
in vacuo. The residue was teJcen up in CH^Cl^ and washed 

20 with saturated brine, dried over magnesium sulfate , 

filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel colximn 
chromatography using a gradient 3% to 20% EtOAc in 
CHjClj eluent to yield 10.8 mg of the title product. 

25 TLC: Rf » 0.6, 25% EtOAc/CHjClj. HPLC: Rt « 13.9 min; 
(^H) NMR (CDCI3) consistent with structure. 

Example 114 

A. Aminomethylcyclopentane. To a solution of LiAlH^ 
(38 g, 1.0 mole) in diethyl ether (2 L) was added 
30 cyclopentanecarbonitrile (73.2 g, 0.77 mol) as a 

solution in 250 mL ether. The solution was stirred 
overnight at ambient ten5)erature and then quenched by 
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addition of the organics to 3 L of a saturated 
potassixim, sodium tartrate solution. The amine was 
extracted into 3 L of ether, dried over anhydrous KjCOg 
then concentrated by distillation to approximately 400 
5 mL total volume. The crude product was purified via 

distillation to give 58.2 g of the title compound as a 
colorless oil. (^H) -NMR (CDCI3) consistent with 
structure. 

B. Compoxind XXI (A » tert-butbxycarbonyl, D* « 

10 cyclopentylmethyl. A' = H) . To the resultant compound 
of Exanqple 114A (20 g, 0.2 mol) was added compound XX 
(A « Boc) (5.84 g) and the mixture was stirred for 24 h 
at ambient temperature. The solution was concentrated 
by distillation under reduced pressure. The residue 

15 was triturated with hexane and the solid collected by 
suction filtration and washed with hexane to give 7.08 
g of a white solid which was used without further 
purification. TLC; Rf » 0.59 (1:10:90 concentrated 
NH^OH/methanol/CHjClj) , (^H) -NMR (CDCI3) consistent with 

20 structure. 

C. Ccanpound XXII (A » tertrbutoxycarbonyl, D' « 
cyclopentylmethyl, E - 4-fluorophenyl) . To a solution 
of the resultant con?)ound of Exair^le 114B (200 mg, 0.55 
mmol) in caijCl^ (10 mL) was added 4- 

25 fluorobenzenesulfonyl chloride (210 mg, 1.1 mmol) 

followed by the addition of a saturated solution of 
sodium bicarbonate (3 mL) followed by addition of solid 
sodium bicarbonate (0.1 g, 1.2 mmol). The mixture was 
allowed to stir at ambient temperature overnight. The 

30 solution was diluted with 100 mL CH^Clj, the organics 

separated, dried over anhydrous MgSO^, and the organics 
concentrated under reduced pressure to obtain 0.33 g of 
crude product. This material was purified via medi\un 
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pressure liquid chromatography using CH2Cl2f followed by 
0.5:99.5 methanol /CH2Cl2# followed by a 1:99 
methanol /CH^Cl^ solution as the solvent system to give 
120 mg (42% yield) of the title conpound as a white 
5 solid. TLC: Rf » 0.48 (3:97 methanol/CH^Cl^) ; HPLC: Rt 
s 18.22 min, (^H) -NMR (CDCI3) consistent with structure. 

D. Compooind XXII (A = H, D' « cyclopentylmethyl , E = 
4-fluorophenyl, hydrochloride salt). A solution of 266 
mg of the resultant conpound of Exaitqple 114C in ethyl 

10 acetate was treated at -20**C with HCl gas for 20 min^ 
during which time the texnperature was allowed to warm 
.. to 20® C. Nitrogen was then biibbled through the mixture 
for 15 min and the solvent removed in vacuo to yield 
224 mg of white solid which was used directly for 

15 ensuing reaction. 

E. Conqpound 114. A solution of 31 m^ of the 
resultant coznpound of Exan^le 114D in CH^Cl^ was treated 
sequentially, at ambient temperature, under an 
atmosphere of nitrogen, with 9 mg of allyl 

20 chloroformate and 19 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed in 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 

25 yield 34 mg of the title product as a white solid. 

TLC: Rf = 0.34 (5% diethyl ether in CH^Clj) . HPLC: Rt « 
17.21 min. (^H) -NMR (CDCI3) consistent with structure. 

Example 3-3.5 

CompoTind 115. A solution of 31 mg of the 
30 resultant compound of Example 114B in CHjClj was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of ethyl 
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chlorofonnate and 19 mg N,Nrdiisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
5 over MgSO^, filtered, and concentrated in vacuo to 
yield 35 mg of the title product as a white solid. 
TLC: Rf - 0.32 (5% diethyl ether/CH^Cl^) . HPLC: Rt « 
16.86 min. (^H) -NMR (CDCI3) consistent with structure. 

10 A. Coinpound XXZI (A « tert-butoxycarbonyl, = 

cyclopentylmethyl, E « 4-chlorophenyl) . The resultant 
compound of Example 114B (252 mg) was reacted with 4- 
chlorobenzenesulfbnyl chloride (175 mg) in the manner 
described in Exanqple 166A. Worlcup and purification by 

15 silica gel chromatography using EtOAc/CH2Cl2 as eluant 
yielded the product as a white solid; (^H) NMR (CDCI3) 
consistent with structure. 

B. Compound XXII (A « H, D' = cyclopentylmethyl , E « 
4-chlorophenyl, hydrochloride salt). A solution of 320 
20 mg of the resultant compound of Example 116A in 20 mL 
of EtOAc was treated with anhydrous HCl gas for 5 min. 
The reaction mixture was sparged with nitrogen then 
concentrated in vacuo to yeld a white solid which was 
used directly for subsequent reaction. 

25 C. Coirpound 116. To a solution of 63.4 mg of the 

resultant coinpound of Example 116B in 1 mL of THF was 
added sequentially 54 /iL of diisopropylethylamine eind a 
solution of 39.9 mg of the resultant coinpound of 
Example 4BA in l mL THE. The mixture was stirred for 

30 24 hours and then concentrated in vacuo. The residue 
was purified by low pressure silica gel coliamn 
chromatography using 20% EtOAc in CH^Clj eluent to yield 
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0.62 g of the title conpound. TLC: Rf « 0.71, 40% 
EtOAc/CHjCla. HPLC: Rt - 16.88 min. (^H) NMR (CSDClj) 
consistent with structure. 

Example 117 

5 Conrpound 117. A solution of 66.1 mg of the 

resultant compound of Exasqple 116B in 1 niL of THF was 
treated sequentially with S6 liL of 
diisopropylethylamine and 19.3 iiL of allyl 
chloroformate. The mixture was stirred for 4 hours and 

10 concentrated in vacuo. The residue was taken into 50 

mL of EtOAc and washed %d.th 1.0 N HCl, saturated sodium 
bicarbonate, brine/ dried oyer magnesiiun sulfate, 
filtered smd concentrated. The residue was purified by 
low pressure silica gel column chromatography using 20% 

15 EtOAc in hexane eluent to yield 69.7 mg of the title 
compound. TLC: Rf = 0.20, 20% EtOAc / hexane . HPLC: 
Rt = 17.83 min. {^H) NMR (CDCI3) consistent with 
structure... 

Example 118 

20 Congpound 118. To a solution of 65.3 mg of 

the resultant compound of Example 116B in 1 mL of THF 
was added sequentially 55 fiL of diisopropylethylamine 
and a solution of 49.2 mg of the resultant compound of 
Exanple 82A in 1 mL THF. The mixture was stirred for 

25 24 hours and concentrated in vacuo. The residue was 
purified by low pressure silica gel colxunn 
chromatography using 40% EtOAc in CHjClj as eluent 
followed by preparative reversed -phase C^^g; HPLC using a 
linear gradient of 40% to 80% CH3CN/H2O for elution to 

30 yield 70.7 mg of the title compound. TLC: Rf = 0.27, 
40% EtOAc/CHjClj. HPLC: Rt « 14.85 min. (^H) NMR 
(CDCl,) consistent with structure. 
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Compound 119. A solution of 26 mg of the 
resultant compound of Exaiqple 8iB in CHjClj was treated 
sequentially, at axnbient tenqperature under an 

5 atmosphere of nitrogen, with 6 mg of ethyl 

chloroformate and 15 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetage 
and washed with 0.5 N HCl and saturated NaCl then dried 
10 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Clj as eluent 
to provide 26 mg of the title product as a white solid. 
TLC: Rf = 0.19 (5% diethyl ether in CHjCl^) . HPLC: Rt « 

15 17.50 min. (^H) -NMR (CDCI3) consistent with structure. 

Pxann?^^ 3,2p 

Compound 120. A solution of 30 mg of the 
resultant compound of Example 4 OA in CH^Clj was treated 
sequentially, at ambient ten5)erature under an 

20 atmosphere of nitrogen, with 8 mg of ethyl 

chloroformate and 18 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetage 
and washed with 0.5 N HCl and saturated NaCl then dried 

25 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by preparative thin layer silica 
gel chromatography using ethyl acetate as eluent to 
yield 25 mg of the title product as a white solid. 
TLC: Rf = 0.60 (ethyl acetate) . HPLC: Rt = 13.86 min. 

30 {^H)-NMR (CDCI3) consistent with structure. 
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Compotmd 121. A solution of 26 mg of the 
resultant conpbxuid of Exaxnple 35A in CH^Clj was treated 
sequentially, at ambient tenqperature under an 
5 atmosphere of nitrogen , with 7 mg of ethyl 

chloroformate and 17 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

10 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/caijCl^ as eluent 
to provide 22 mg of the title product as a white solid. 
TLC: Rf « 0.14 (5% diethyl ether/CHjCl^) . HPLC: Rt = 

15 15.95 min. (^H) -NMR {CDCI3) consistent with structure. 

pxaffnple 

Compound 122. A solution of 27 mg of the 
resultcuit compound of Example 35A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 

20 atmosphere of nitrogen, with 8 mg of allyl 

chloroformate and 18 mg N,N-diisopropylethylamine. The 
mixture was stirried for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

25 over MgS04, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether in CHjCl^ as 
eluent to provide 23 mg of the title product as a white 
solid. TLC: Rf = 0.33, 5% diethyl ether in CHjCl^- 

30 HPLC: Rt = 16.28 min. (^H) -NMR (CDCI3) consistent with 
structure. 
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E^gamnle 123 

A* Compoimd XXII (A « tert-butoa^carbonyl, D« « 
isobutyl, B - 3,4-dimeth03cyphenyl) . To a solution of 
401 mg (1.192 xnniol) of the resultant compoimd of 
5 Bxairqple 39A in CR^Cl^ (12 mL) was added aqueous sodium 
bicarbonate (3 mL) , solid sodixun bicarbonate 130 mg 
(1.549 mmol) , and 3, 4*dimethoxybenzenesulfonyl 
chloride 33.8 mg, (1.43 mmol). After 14 h, the 
resulting mixture was diluted with BtOAc, washed with 
10 saturated brine, dried over magnesium sulfate, filtered 
and concentrated in vacuo. The residue was purified by 
flash chromatography using 5% to 25% EtOAc/CH^Cl^ eluent 
to provide 440.1 mg of the title product. TLC: Rf « 
0.72, 20% EtQAc/CHjClj. 

15 B. Conqpound XXII (A « H, D' « isobutyl, E « 3,4- 

dimethoxyphenyl, hydrochloride salt) . A solution of 
440 mg (0.820 mmol) of the resultant compound of 
Exaxitple 123A in EtOAc (15 mL) at -20*»C was treated with 
anhydrous HCl gas for 10 min. The ice bath was removed 

20 and after an additional 15 min. the reaction mixture 

was sparged with nitrogen then concentrated in vacuo to 
provide 610 mg of title product as the HCl salt. TLC: 
Rf o 0.44, 10% methanol/CHjCl^. 

C. Conqpound 123. A solution of 38.9 mg of the 
25 resultant compound of Exaxnple 123B (0.170 mmol) in 
CH2CI2 (3 niL) was treated sequentially at anibient 
tenqperature under an atmosphere of nitrogen with 0.049 
mL (0.283 mmol) diisopropylethylamine and 66.9 mg 
(169.6 mmol) of the resultant compound of Example 48A. 
30 The mixture was stirred for 16 h and then concentrated 
in vacuo. The residue was taken up in CHjClj and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
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purified by low pressure silica gel column 
chromatography using a gradient 10% to 25% diethyl 
ether in CHjCl^ cluent to yield 57.6 mg of the title 
product. TLC: Rf « 0.39, 25% diethyl ether/CM^Clj . 
5 HPLC: Rt » 14.3 min; (^H) NMR (CDCI3) consistent with 
structure. 

A. Compound XXII (A - tert-butoxycarbonyl, D' « 
isobutyl, E » 3,4 difluorophenyl) . To a solution of 

10 332.7 mg (0.989 nmol) of the resultamt compound of 

Exasple 39A in CH^Cl^ (12 mL) %ias added aqueous sodium 
bicarbonate (3 mL) , solid sodium bicarbonate 125 mg 
(1.483 mmol) , and 3,4 difluorobenzensulfonyl chloride 
231 mg. (1.088 mmol) . After 14 h, the resulting 

15 mixture was diluted With caijCl^, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
flash chromatography using 5% to 25% diethyl 
ether/ CH^Clj eluent to provide 313.6 mg of the title 

20 product. (^H)-NMR (CHDClg) consistent with structure. 

B. Compound XXII (A » H, D' « isobutyl, E « 3,4 
difluorophenyl, hydrochloride salt). A solution of 
312.6 rag (0.610 inmol) of the resultant compound of 
Example 124A in EtOAc (15 mL) at -20^C was treated with 

25 anhydrous HCl gas for 10 min. The ice bath was removed 
and after an additional 15 min., the reaction mixture 
was sparged with nitrogen then concentrated in vacuo to 
provide 280 mg of title product as a white solid. TLC: 
Rf = 0.46, 10% methanol/CHjClj . 

30 C. Compound 124. To a solution of 64.7 mg of the 
resultouit compound of Exanple 124B (0.144 mmol) in 
CH2CI2 (3 mL) was treated sequentially at ambient 
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temperature under an atmosphere of nitrogen, with 0*050 
mL (0.288 mmol) diisopropyiethylamine and 39.6 mg 
(172.9 mmol) of the resultant compo\ind of Exanple 48A. 
The mixture was stirred for 16 h and then concentrated 
5 in vacuo. The residue was taken up in CHjCl^ and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, cuad concentrated in vacuo. The residue was 
purified by low pressure silica gel coliam 
chromatography using a gradient 5% to 20% diethyl ether 
Id in CHjClj eluent to yield 44 mg of the title product. 
TLC: RP - 0.54 25% diethyl ether/CHjClj . HPLC: Rt « 
15.4 min. (^H) NMR (CDCI3) consistent with structure. 

Compotind 125. This coxt5)ound was prepared 
15 from the resultant compound of Example 146B in the 
manner described in Exanqple 88. After workup and 
purification by preparative reversed -phase C^^ HPLC 
using a liner gradient of 35% to 100% CHjCN/H^O with 
0.1% TEA as eluant, 10.5 mg of the title compound was 
20 obtained as a white solid. TLC: Rf « 0.4, 4% 

MeOH/CHjCl^. HPLC: Rt = 14.06 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Example 126 

A- Coxopound XXI (A = tert-butoxycarbonyl, D' - 
25 methyl. A' « H) . To a solution compound XX (1.7 mmol) 

in ethanol (20 mL) was added methylamine gas, at 

ambient temperature, for 30 min. The solution was 
' stirred overnight , then concentrated under ^reduced 

pressure to give 0.47 g of the title compound which was 
30 used without subsequent purification. TLC: Rf = 0.19, 

1:10:90 NH^OH/methanol/CHjClj, (^H) -NMR (CDCI3) 

consistent with structure. 
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B. Conpoxind 126. To a solution of the product of 
Example 12 6A (0.15 g, 0.51 xnmol) in CH^Cl^ (10 znL] was 
added a saturated solution of sodium bicarbonate (3 
mL) , followed by addition of solid sodium bicarbonate 
5 (90 mg, 1.1 mmol) , followed by addition of 3,4- 

dichlorobenzenesulfonyl chloride (0.25 g, 1.0 mmol). 
The mixture was stirred at ambient tenperature 
overnight. The organics were extracted into 100 mL 
CH^^Cl^f dried over anhydrous, MgSO^, concentrated under 

10 reduced pressure then purified via medium pressure 

silica gel chromatography using a gradient system of 
* CH^Cl^ followed by 5:95 ether/CH^Clj • The title 
conqpound was obtained as a colorless foam 210 mg. TLC: 
Rf - 0.42 (3:97 methanol/CH^Cl^) , HPLC: Rt » 17.2 min; 

15 (^H) -NMR (CDCI3) consistent with structure. 

Example 127 

Compound 127. To a solution of the product 
of Example 126A (0.15 g, 0.51 mmol) in CH^Cl^ (10 mL) 
was added a saturated solution of sodium bicarbonate (3 

20 mL) , followed by addition of solid sodium bicarbonate 
(100 mg, 1.0 mmol) r followed by addition of 4- 
fluorobenzenesulfonyl chloride (0.20 g, l.O mmol). The 
mixture was stirred at axribient temperature overnight. 
The organics were extracted into 100 mL CH2CI21 dried 

25 over anhydrous, MgSO^, concentrated under reduced 

pressure then purified via mediiim pressure silica gel 
chromatography using a gradient system of CHjCl^ 
followed by 5:95 ethet/CH^Clj . The title compound was 
obtained as a white solid 104 mg. TLC: Rf = 0.36, 3:97 

30 methanol/CHjClj, HPLC: Rt « 15.86 min; (^H) -NMR (CDCI3) 
consistent with structure. 
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Example 128 

Compoxind 128. To a solution of the product 
of Exanqole 126A (0.15 g, 0.51 mmol) in CHjCl^ (6 inL) was 
added a saturated solution of sodium bicarbonate (3 
5 roL) , followed by addition of solid sodiiun bicarbonate 
(90 mg, 1.0 mmol), followed by addition of 
acetamidobenzenesulfonyl chloride (0.24 g, 1.02 mmol) • 
The mixture was stirred at ambient temperature 
overnight. The organics were extracted into 100 xnL 

10 CHjCljt dried over anhydrous, MgSO^, concentrated under 
reduced pressure then purified via medixam pressure 
silica gel chromatography using a gradient syst^ of 
CM^Clj followed by 5:95 EtOAc/(3l2Cl2, followed by 10:90 
EtOAc/CS^Cl^- The title ccmqpoxmd was obtained as 244 mg 

15 of white solid. TLC: Rf » 0.13, 3:97 methanol/CSIjCl^, 
HPLC: Rt » 13.47 min;. (^H) -NMR (CDCI3) consistent with 
structure* 

Example 129 

A. Conrpound XXI (A «= tert-butoxycarbonyl, D' = (2- 
20 tetrahydrofuryl) -methyl, A» = H) . To a solution 

compound XX (3.3 mmol) in ethanol (30 mL) was added 
tetrahydrofurfurylamine (1.03 mL, 10 mmol). The 
mixture was warmed to 85 ®C and stirred overnight. The 
solution was filtered and the solution concentrated 
25 under reduced pressure to give 1.29 g of the title 
compound which was used without subsequent 
purification. TLC: Rf ■» 0.52, 1:10:90 
NH^OH/methanol/cnijCl^ 

B. Compound 129. To a solution of the resultant 

30 con5)ound of Example 129A (200 mg, 0.55 mmol) in CHjClj 
(6 mL) was added 4-fluorobenzenesulfonyl chloride (320 
mg, 1.6 mmol) followed a saturated solution of sodiiim 
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bicarbonate (3 znL) and solid soditim bicarbonate (0.1 g, 
1.2 mmol) . The mixture was stirred at cunbient 
temperature overnight. The solution was diluted with 
100 xnL CE2^^2' organics separated, dried over 
anhydrous MgSO^, and the organics concentrated under 
reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using a gradient 
solvent system of C3l2Cl^ followed by 5:95 ether/CH2Cl2 
followed by a 10:90 ether/CH2Cl2 solution to give 130 mg 
of the title compound as a white solid. TLC: Rf » 
0.35, 3:97 methanol/CH^Cljf HPLC: Rt « 16.37 min, 
(^H)-NMR (GDCI3) consistent with stsnicture. 

A. Compound XXI (A = tert-butoxycarbonyl, D' = 
(isobutenyl. A* H) ) r To a solution compound XX (A = 
tert-butoxycarbonyl) (2.5 mmol) in ethemol (30 mL) was 
added a solution 2 -methylallylamine hydrochloride (1.34 
g, 12.5 mmol) and KOH (0.70 g, 12.5 mmol) in ethanol 
(20 mL) • The mixture stirred 30 min at ainbient 
temperature. The solutions were combined and heated to 
85 ®C for 24 h. The solution was filtered and 
concentrated under reduced pressure to give 0.82 g of 
the title conqpotind which was used without subsequent 
purification. TLC: Rf « 0.45, 1:10:90 concentrated 
NH^OH/methanol/CHjClj • 

B. Compound 130. To a solution of the product of 
Example 130A (0.20 g, 0.60 mmol) in CHjClj (6 mL) was 
added a saturated solution of sodium bicarbonate (3 
mL) , followed by solid sodium bicarbonate (0.1 g, 1.2 
mmol) and then p-f luorobenzenesulf onyl chloride (0.35 
g, 1.78 mmol) . The mixture was stirred at ambient 
tenqperature for 24 h. The organics were extracted into 
100 mL CHjCl^, dried over anhydrous MgS04, concentrated 
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under reduced pressure then purified via medium 
pressure silica gel chromatography using a gradient 
system of CH^Clj, followed by 1:99 methanol /CH^Cl^. The 
title coii5)ound was obtained as a white solid 180 mg. 
5 TLC: Rf « 0.35, 3:97 methanol/CH^Clj, HPLC: Rt = 16.82 
min; (^H) -NMR (CDCI3) consistent with structure. 

pxgmplg 13 i 

Compound 131. To a solution of the resultant 
compound of Example 130A (200 mg, 0.60 mmol) in CH2CI2 

10 (6 mL) was added 4-acetamidobenzenesulfonyl chloride 
(410 mg, 1.76 mmol) , followed by a saturated solution 
of sodioim bicarbonate 13 mL) and solid sodium 
bicarbonate (0.1 g, 1.2 mmol). The mixture was stirred 
at ambient temperature overnight. The solution was 

15 diluted with 100 mL CHjCl^, the organics separated, 
dried over anhydrous MgSO^, and the organics 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using a gradient solvent system of CH^Clj* followed by 

20 30:70 EtOAc/CHjClj solution to give 140 mg of ^he title 
coitqpound as a white solid. TLC: Rf » 0.19, 3:97 
methanol/CH^Clj, HPLC: Rt = 15.06 min, (^H) -NMR (CDCI3) 
consistent with structure. 

Example 132 

25 A. Compound 3CXII (A = H, D' = (2-tetrahydrofuryl) - 

methyl, E » 4 - f luorophenyl , hydrochloride salt). To a 
solution of the resultant compound of Example 12 9B (30 
mg, 0.057 mmol) in EtOAc (3.mL) was added 30% w/w HCl 
in EtOAc (1 mL) . The mixture was stirred overnight at 

30 ambient temperature. The solution was concentrated 
under reduced pressure to give 16 mg of the title 
compound as a white solid which was used without 
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sxibsequent purification. TLC: Rf « 0.60 (1:10:90 
NH^OH/methanol/CH^Clj) . 

B, Compoxind 132. To a solution of the resultant 
compound of Exanple 132A (16 mg) in CH^Cl^ (5 mL) was 
added triethylamine (0.1 xnL, 0.72 mmol) followed by the 
compound of Example 4 8A (20 mg, 0.09 mmol) . The 
mixture was stirred at ambient teonperature for 24 
hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure colum chrcxnatography using 20:80 EtOAc/caLjClj 
as the solvent system to give 7.4 mg. Rf « 0.37 (3:97 
methanol/ca^Clj) , HPLC: Rt = 14.19 min, (^H)-NMR (CDCI3) 
consistent with structure. 

Example 133 

A. Compound XXII (A « tert-butoxycarbonyl, D' = (2- 
tetraOiydrofuryl) -methyl, E « 4-acetamidophenyl) . To a 
solution of the resultant compound of Exait5>le 129A (200 
mg, 0.55 mmol) in CH2CI2 (6 mL) was added 4- 
acetamidobenzenesulfonyl chloride (380 mg, 1.6 mmol) 
followed by a saturated solution of soditim bicarbonate 
(3 mL) and solid sodium bicarbonate (p.l g, 1.2 mmol) . 
the mixture was stirred at ambient temperature 
overnight. The solution was diluted with 100 mL CH^Clj, 
the organics separated, dried over anhydrous. MgSO^, 
and the organics concentrated under reduced pressure. 
The crude product was purified via medium pressure 
liquid chromatography using a gradient solvent system 
of CH2CI2, followed by 10:90 EtOAc/CHjClj, followed by a 
30:70 EtOAc/CH^Cl^ solution to give 120 mg of the title 
compound as a white solid. TLC: Rf « 0.13, 3:97 
methanol/CHjClj, (^H) -NMR .(CDCI3) consistent with 
structure . 
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B. Coir5)oimd XXII (A « H, = (2-tetrahydrofuryl) - 
methyl, E = 4-acetamidophenyl, hydrochloride salt) . To 
a solution of the resultant compound of Exainple 13 3A 
(120 mg 0.22 mmol) in EtOAc (5 mL) was added 30% w/w 
5 HCl in EtOAc (2 inL) . The mixture was stirred overnight 
at ainbient tenqperature . The solution was concentrated 
under reduced pressure to give the title compound which 
was used without subsequent purification. TLC: Rf ^ 
0.50, 1:10:90 MH^OH/methanol/CH^Cl^. 

10 C. Coxtgpound 133. To a solution of the resultant 
compound of Example 133B in CH^Cl^ (5 mL) was added 
triethylamine (0.2 inL, 1.4 mmol) followed by the 
compoiind of Example 48A (73 mg, 0.32 mmol). The 
mixture was stirred at ambient temperature for 24 

15 hours. The solution was concentrated \inder reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of C3l2Cl2f followed by 1:99 methemol/CH2Cl2# 
followed by 3:97 methanol /CH^Cl^ as the solvent system 

20 to give 87.8 mg. Rf = 0.09, 3:97 methanol/CHjClj, HPLC: 
Rt » 12.53 min, (j^H) -NMR (CaJClg) consistent with 
structure. 

Example 134 

A. Compound XXII (A « H, D* = isobutenyl, E = 4- 
25 acetamidophenyl , hydrochloride salt) . To a solution of 
the resultant compound of Example 131 (40 mg 0.075 
mmol) in EtOAc (5 mL) was added 30% w/w HCl in EtOAc (2 
mL) . The mixture was stirred overnight at ambient 
temperature. The solution was concentrated under 
30 reduced presisure to give the title compound, which was 
used without subsec[uent purification. TLC: Rf » 0.38, 
1:10:90 NH^OH/methanol/CHjClj. 
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B. Compoxind 134. To a solution of the resultcint 
confound of Example 134A in CH^Cl^ (5 mL) was added 
triethylamine (0.1 mL, 0.72 mmol) , followed by the 
coiiqpound of Example 48A (26 mg, 0.11 mmol) . The 
5 mixture was stirred at ambient tenperature for 24 

hours. The solution was concentrated xinder reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of CH^Cl^t followed by 1:99 methanol /CH^Cl^f 
10 followed by 3:97 methanol /CH^Cl^ as the solvent system 
to give 10.1 mg of the title catapound. Rf » 0.11 (3:97 
methanol/CH^Cl^) , HPLC: Rt « 12.86 min, (j^H) -NMR (CDCI3) 
consistent with structure. 

15 A. Coii5>ound XXI (A = H, D' « (isobutenyl, E = 4- 

f luoropheynl , hydrochloride salt) . To a solution of 
the resultant compoiind of Exaxrple 130B (50 mg, 0.10 
mmol) in EtOAc (5 mL) was added 30% w/w HCl in EtOAc (1 
mL) . The mixture was stirred overnight at ambient 

20 temperature. The solution was concentrated under 

reduced pressure to give the title coxnpound which was 
used without subsequent purification. TLC: Rf « 0.48^ 
1:10:90 NH^OH/methanol/CHjClj. 

B. Compound 135. To a solution of the resultant 
25 coir5)Ound of Example 13 5A in CH2CI2 (5 mL) was added 
triethylamine (0.1 mL, 0.72 mmol), followed by the 
compound of Example 48A (35 mg, 0.15 mmol) . The 
mixture was stirred at ambient temperature for 24 
hours. The solution was concentrated under reduced 
30 pressure cuid the crude product purified via medium 

pressure colimm chromatography using a gradient solvent 
system of CH^Cl^ followed by 20:80 EtOAc/CHjClj as the 
solvent system to give 12 mg. Rf = 0.34, 3:97 
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methanol/CHjClj, HPLC: Rt « 14.64 min, (^H) -NMR (CDClg) 
consistent with structure. 

Bacample 136 

A. Con5)ound XXI (A = tert-but03^carbonyl, D' « 2- 
5 furfuryl, A* » H) . To a solution coirpound XX (2.5 

mmol) in ethanol (30 mL) %ias added furfurylamine (0.67 
xnL, 7.5 xnmol) and the mixture was heated to 85®C for 
24 h. The solution was filtered and concentrated under 
reduced pressure to give 0.80 g of the title coinpotmd 
10 which was used without subsequent purification. TLC: 
Rf m 0.38 1 1:10:90 concentrated MH^0H/methGUiol/C3l2Cl2 • 

B. Compound XXII (A = tert-butoxycarbonyl, D» « 2- 
furyl, E » 4-fluorophenyl) . To a solution of the 
product of Example 136A (0.20 g, 0.60 mmol) in CH2CI2 (6 

15 mL) was added a saturated solution of sodium 

bicarbonate (i3 mL) , followed by addition of solid 
sodixmi bicarbonate (0.1 g, 1.2 mmol), then p- 
fluorobenzenesulfonyl chloride (0.32 g, 1.6 mmol) . The 
mixture was stirred at ambient temperature for 24 h. 

20 The organics were extracted into 100 mL CB2Cl2# dried 
over cuihydrous MgSO^, concentrated xinder reduced 
pressure, then purified via medixim pressure silica gel 
chromatography using a gradient system of 012^^2' 
followed by 1:99 methanol /CH^Cl^. The title coxnpound 

25 was obtained as a white solid (86.1 mg) . TLC: Rf o 
0.17, 3:97 methanol/CHjCl^, HPLC: Rt = 16.5 min; 
(j^H)-NMR (CDCI3) consistent with structure. 

C. Compound XXII (A = H, D« = 2-furyl, E = 4- 
fluor ©phenyl , hydrochloride salt). To a solution of 

30 the resultant compound of Exanple 136B (16 mg, 0.031 
mmol) in EtOAc (3 mL) was added 30% w/w HCl in EtOAc 
(1 mL) . The mixture was stirred overnight at ambient 
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temperature. The solution was concentrated under 
reduced pressure to give the title compound, which was 
used without subsequent purification* TLC: Rf » 0*48, 
1:10:90 NH^OH/methanol/CHjCl^. 

5 D. Confound 136. To a solution of the resultant 
confound of Example 13 6C in CH^Cl^ (5 mL) was added 
triethylamine (0.1 mL, 0.72 mmol) , followed by the 
. resultant compound of Example 48A (11 mg, 0.05 mmol) . 
The mixture was stirred at axribient texoperature for 24 

10 hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of CH^Cl^ followed by 20:80 EtOAc/CH^Cl^ as the 
solvent system to give 4.9 mg. TLC: Rf « 0.28, (3:97 

15 methanol/CH^Cl^f HPLC: Rt » 14.57 min, (^H)-NMR (CDCI3) 
consistent with structure. 

A. Ccmrpound XXII (A = tert-butoxycarbonyl, D" » 2- 
furyl, E » 4-acetamidophenyl) . To a solution of the 

20 resultant compound of Example 136B (200 mg, 0.55 mmol) 
in CHjCl^ (6 mL) was added 4-acetairLidQbenzenesulfonyl 
chloride (390 mg, 1.7 mmol) followed by saturated 
solution of sodixuQ bicarbonate (3 mL) and solid sodium 
bicarbonate (0.1 g, 1.2 mmol) . The mixture was stirred 

25 at ambient temperature overnight. The solution was 
diluted with 100 mL CHjClj, the organics separated, 
dried over anhydrous. MgSO^, and the orgsuaics 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 

30 using a gradient solvent system of GH^Clj* followed by 
10:90 EtOAc/CHjClj, followed by a 30:70 EtOAc/CHjClj 
solution to give 100 mg of the title compound as a 
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white solid. TLC: Rf » 0.19, 3:97 methanol/CH2Cl2# 
(^H) -NMR (CDCI3) consistent with structure. 

B. Compound XXII (A « H, D' = 2-furyl, E « 4- 
acetaxnidophenyl , hydrochloride salt). To a solution of 

5 the resultomt coxnpount of Exaxnple 137A (30 mg, 0.054 

xnmol) in BtOAc (3 mL) was added 30% w/w HCl in BtOAc (1 
nCL) . The mixture ^s stirred overnight at axcbient 
temperature . The solution was concentrated iinder 
reduced pressure to give the title compound which was 
10 used without subsequent purification. TLC: Rf » 0.37 
(1:10:90 NH^OH/methanol/CH^Cl^) • 

C. Con^oxind 137. To a solution of the resultant 
conrpound of Example 137a in CH^Cl^ (5 mL) was added 
triethylamine (0.1 mL", 0 . 72 mmol ) followed by the 

15 confound of Exaiqple 48A (19 mg, 0.083 mmol). The 
mixture was stirred at ambient tenqperature for 24 
hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 

20 system of CHjCl^* followed by 1:99 methanol/CH2Cl2» 

followed by 3:97 methcUiol/CH2Cl2 as the solvent system 
to give 8.5 mg of the title ccmpound. TLC: Rf » 0.11 
(3:97 methanol/CMjClj) , HPLC: Rt = 12.69 min; (^H) -NMR 
(CDCI3 ) consistent with structure . 

25 gxainpX? 

Compound 138. A solution of 75 mg of the 
resultant compound of Example 51D and 45 mg of 3- 
chlorobenzenesulf onyl chloride were reacted in the 
manner described in Example 60. After workup and 
30 purification by preparative reversed -phase C^^g HPLC 

using a linear gradient of 35% to 100% CH3CN/H2O with 
0.1% TFA as eluant, 29.7 mg of the title compound was 
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Obtained. TLC: Rf « 0.3, 4% MeOH/CH^Cla, HPLC: Rt « 
15.83 min; (^H)-NMR (CDCI3) consistent with structure. 

Example 139 

Coit5)ound 139. To a solution of 67.9 mg of 
5 the resultant coxi?>o\mt of Example 11 6B in 1 mL of THP 
was added sequentially, 57 /xL of diisopropylethylamine 
and a solution of 52.6 mg of the resultant compound of 
Example 109C in 1 mL THF. The mixture was stirred for 
24 hours and concentrated in vacuo. The residue was 
10 purified by preparative thick layer silica gel 

chromatography using 7% methanol in CH^Cl^ elueht to 
yield 70.0 mg of the title compound. TLC: Rf » 0.30, 
5% methanol/CHjClj. HPLC: Rt « 15.78 min; (^H) NMR 
(CDCI3) consistent with structure. 

15 / Example 140 

A. 3 (S) -amino-2 (syn) -hydroxy- 4 -phenyl -1-chlorobutane 
formate salt. To a slurry of 16.33 g of 10% palladium 
on carbon (25% by weight) in methanol and 
tetrahydrofuran (400 mL, 1:1) was added, under Nj, 

20 65.35 g of 3 (S) -N- (-benzyloxycarbonyl) -amino-^-chloro- 
2.(syn) -hydroxy-4-phenylbutane (195.7T mmol) as a 
solution in methanol and tetrahydrofuran (1.2 L) . To 
this slurry was added 5401 mL of formic acid. After 
15 h, the reaction mixture was filtered through 

25 diatomaceous earth and concentrated to dryness. The 
resultant oil was slurried in toluene and evaporated^ 
then triturated sequentially with diethyl ether and 
CHjClj to provide 47.64 g of product as a granular tan 
solid. TLC: Rf = 0.17, 5% acetic acid/ethyl acetate. 

30 B. 3 (S) -N- (3 (S) -tetrahydrofuryloxycarbonyl) -amino-1- 
chloro-2 (syh) -hydroxy-4-phenylbutane. To a solution of 
the resultant coxqpoiind of Example 140A (1.97 g, 7.95 
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mmol) in CH2CI2 (20 znL) was added a saturated solution 
of sodium bicarbonate (5 mL) , followed by solid sodium 
bicarbonate (1.33 17.9 mmol) , and the resultant 
compound of Exasple 48A (2.0 g, 8.7 mmol). The mixture 
5 was stirred at ambient temperature overnight. The 

solution was diluted with 200 mL CH^Cl^, the organlcs 
separated, dried over anhydrous MgSO^, and concentrated 
under reduced pressure. The residue was recrystallized 
from ethyl acetate/hexane to give 1.01 g of the title 
10 compound as a white solid. TLC: Rf » 0.35, 3:97 
methanol/CHjCl^. (^H) -NMR (CnDCl3) consistent with 
structure. 

C. Con^joxmd XX (A = 3 (s) -tetrahydrofuryloxycarbonyl) . 
To a solution of the resultant confound of Example 140B 

15 (1.0 g, 3.2 mmol) in absolute ethanol (15 mL) was added 
solid KOH (0.21 g, 3.8 mmol) . The mixture was stirred 
at ambient ten^erature for 1.0 h. The solution was 
filtered through a pad of Celite then concentrated 
xmder reduced pressure. The residue was taken up in 

20 ether (100 mL) , washed with brine, dried over MgSO^v 

the concentrated under reduced pressure to give 0.88 g 
of the title compound as a white solid. TLC: Rf « 0.49 
(3:97 methanol/CHjClj) , (^H)-NMR {(SdCIj) consistent with 
structure. 

25 D. Compound XXI (A « (S)-3- 

tetrahydrofuryloxycarbonyl, D' = cyclopentylmethyl, 
A' ^^H). The resultant confound of Exaitple 140C (0.88 
g, 3.2 mol) was added to the resultant confound of 
Example 114A (5.0 g, 50.4 mmol) and stirred for 24 h at 

30 ambient texnperature. The solution was concentrated by 
distillation \mder reduced pressure. The residue was 
triturated with hexane and the solid collected by 
suction filtration cuid washed with hexane to give 0.93 
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g of the title con5>o\ind. TLC: Rf = 0.44, 1:10; 90 
concentrated NH^OH/methanol/CHjCl^; (^H) -NMR {CDCI3) 
consistent with structure. 

E. Compound 140. To a solution of the resultant 
5 compoimd of Example 140D (0.93 2.47 mmol) in CH^Cl^ 
(20 xnL) was added a saturated solution of sodium 
bicarbonate (5 sOi) followed by addition of solid sodium 
bicarbonate (0.42 g, 4.94 nmol) and 4- 
methoxybenzenesulfonyl chloride (0.61 g, 2.96 mmol). 

10 the mixture was stirred at ambient temperature for 4 

hours. The solution was diluted with 200 mL CH^Cl^^ the 
organics separated, dried ove^r anhydrous MgSO^, and the 
organics concentrated under reduced pressure. The 
crude product was purified via medium pressure liquid 

15 chromatography using CH^Cl^ followed by 1:99 

methanol /CHjClj solution as the eluent system to give 
1.28' g of the title con^joxmd as a white solid. TLC: Rf 
« 0.26, 3:97 methanol /CHjCl^, HPLC: Rt « 15.66 min, 
(^H) -NMR (CDCI3) consistent with structure. 

20 Bx^mplg 1,41 

A. Compoimd XXII (A « H, D* « cyclopentylmethyl , E « 
4-methoxyphenyl, hydrochloride salt) . A solution of 
71.3 mg of the resultant compound of Exaiiqple 166A in 
EtOAc (25 mL) at O^'C was treated with anhydrous HCl gas 

25 for 10 min., and allowed to stand for 12 h while 

warming to ambient temperature, then concentrated under 
reduced pressure and the resulting white solid used 
without purification for stibsequent reaction. 

B. Compound 141. The resultant confound of Exaxr^ile 
30 141A (0.134 mmol) was reacted with allyl chlorof ormate 

in the manner described in Example 87B. After 
concentration of the mixture in vacuo and workup, the 
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residue was purified by thick layer silica gel 
chromatography using 5% MeOH/CHjClj as eluant followed 
by preparative reversed-phase C^^ HPLC using a linear 
gradient of 35% to 100% CO^CN/K^O with 0.1% TFA as 
5 eluant to obtain 21.6 mg of the title compoiind. TLC: 
Rf « 0.45, 5% MeOH/CHijClj. HPLC: Rt « 16.96 min. 

Example 142 

Compound 142. To a solution of 4.0 g of the 
resultant compound of Example 141A in 45 mL of THP %ias 

10 added secpientially, 1.96 mL of diisopropylethylamine 
azxd a solution of 2.68 g of the resultcuit compound of 
Example 82A in 45 mL THF. The mixture was stirred for 
24 hours and concentrated in vacuo. The residue was 
taken up in CH^Cl^* washed with saturated sodium 

15 bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo. The residue was 
purified by low pressure silica gel colximn 
chromatography using 20% to 40% EtOAc in hexeine eluent 
to yield 3.69 g of the title compound. TLC: Rf = 0.41, 

20 50% EtOAc/CH^Clj. 

Conpound 143. A solution of 3.69 g of the 
resultant conpound of Exanple 142 in 100 mL of ethyl 
ether was treated with anhydrous HCl gas for 10 min. 
25 The reaction mixture was sparged with nitrogen then 
filtered. The solid was taken up in methanol and 
concentrated to yield 3.71 g of the title compound. 
TLC: Rf = 0.62, 90/10/1 CH^Clj/MeOH/AcOH, HPLC: Rt = 
13.87 min. (^H) -NMR (CDCI3) consistent with structure. 
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A. Compound XXII (A « tert-butoxycarboriyl, D' » 
isobutyl, B « 2- (S-isoxazoy-S-yl) -thiophene) ♦ To a 
solution of 342.5 mg (1.02 mmol) of the resultant 
compound of Bxaxnple 39A In CK^Cl^ (8 mL) was added 
aqueous sodium bicarbonate (2 roL) , solid sodium 
bicarbonate 257 mg (3.1 mmol), and 5- (isoxazol-3-yl) - 
thiophenesulfonyl chloride 254.2 mg, (1.02 mmol). 
After 14 h, the resulting mixture was diluted with 
CH^Cljf washed with saturated brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by flash chromatography using 
5% to 25% EtOAc/CH2Cl2 eluent and recrystallized from 
ether CH^Clj to provide 228.6 mg of the title product. 
(%)-NMR (CDCI3) consistent with structure. 

B. Compound XXII (A - H, D» » isobutyi; E » 2-(5- 
isoxazoy-3-ly) -thiopene, hydrochloride salt). A 
solution of 228.6 mg (0.416 mmol) of the resultcmt 
compound of Example 145A in EtOAc (15 mL) at -20*C was 
treated with anhydrous HCl gas for 10 min. The ice 
bath was removed and after an additional 15 min, the 
reaction mixture was sparged with nitrogen then 
concentrated in vacuo to provide 223.6 mg of title 
product as the HCl salt. TLC: Rf = 0.48, 10% 
methanol/CHjClj . 

C. Compound 145. A solution of 78.5 mg of the 
resultant compound of Example 145B (0.162 mmol) in 
caijClj (3 mL) was treated sequentially at ambient 
teiiqperature under an atmosphere of nitrogen with 0.07 
mL (0.408 mmol) diisopropylethylamine and 55.6 mg 
(0.243 mmol) of the resultant compound of Example 48A, 
The mixture was stirred 16 h and then concentrated 
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In vacuo. The residue was taken up in CH^Cl^ and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
purified by preparative HPLC to yield 48.7 mg of the 
5 title product. TLC: Rf - 0.36, 25% EtAOc/GH^Cl^ . HPLC: 
Rt = 15.2 min; (^H) -NMR (CDCI3) . consistent with 
structure. 

A. Confound XXI (A = tert-butoxycarbonyl, D' « 
10 cyclopentylmethyl , E « 4-acetaxnidophenyl) . To a 

solution of the resultant compound of Example 114B (300 
mg, 0.83 mmol) in CH2CI2 (15 mL) was added 4- 
acetamidobenzenesulfonyl chloride (580 mg, 2.48 mmol) 
followed by the addition of a saturated solution of 

15 sodium bicarbonate (4 xnL) and solid sodium bicarbonate 
(0.14 g, 1.67 mmol). The mixture was stirred at 
ambient teniperature overnight. The solution was 
diluted with 150 mL CH^Cl^, the organics separated, 
dried over anhydrous. MgSO^, and the organics 

20 concentrated ixnder reduced pressure. The crude product 
was purified via medixun pressure liquid chromatography 
using a gradient solvent system of CH2Cl2# followed by 
5:95 EtOAc/CH^Clj, followed by 10:90 BtOAc/CH^Cl^ 
solution to give 310 mg of the title conpound as a 

25 white solid. TLC: Rf = 0.10, 3:97 methanol /CH2CI21 

HPLC: Rt = 15.96 min, (^H) -NMR (CDCI3) consistent with 
structure. 

B. Coitpound XXII (A = H, D' = cyclopentylmethyl , E = 
4-acetamidophenyl, hydrochloride salt) . To a solution 

30 of the resultant compound of Example 146A (210 mg, 0.38 
mmol) was added 30% w/w HCl in EtOAc (15 mL) . The 
mixture was stirred for 1 hour at ambient texnperature . 
The solution was concentrated under reduced pressure to 
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4 

give 180 mg of the title compound which was used 
without sxibsequent purification. TLC: Rf « 0.14, 
1:10:90 NH^OH/methanol/CH^Cl^. 

C. Compound XXII (A « allyloxycarbonyl , D' = 
5 cyclopentylmethyl , E « 4-acetamidophenyl) . To a 

solution of the resulteuit compound of Example 146B (100 
mg, 0.20 mmol) in CH^Cl^ (10 mL) was added triethylamine 
(0.1 mL, 0.72 minol) , followed by allylchloroformate 
(0.04 mL, 0.3 mmol). The mixture was stirred at 

10 ambient temperature for 24 hours . The solution was 
diluted with 150 mL CR^Cl^f washed with water, dried 
. over cuohydrous MgSO^, ^d the organics concentrated 
under reduced pressure. The crude product was purified 
via medium pressure column chromatography using a 

15 gradient solvent system of CH^Cl^, followed by lr99 

methanol /CHjClj, followed by 3:97 methanol /CHjCl^ as the 
solvent system to give 103 mg. Rf « 0.22, 3:97 
methanol /CHjClj, HPLC: Rt= 15.29 min, (^H) -NMR (CDCI3) 
consistent with structure. 

20 Example 147 

Coxcipound 147. To a solution of the resultant 
compoiind of Example 146B {80 mg, 0.16 mmol) in 
CH2Cl2(5 mL) was added triethylamine (0.07 mL, 
0.48 mmol) , followed by slow addition over 3 hours of 

25 the resulteuit compound of Bxainple 82A (53 mg, 

0.19 mmol) as a solution in CH2CI2 (3 mL) . The mixture 
was stirred at ambient temperature for 24 hours. The 
solution was diluted with 100 mL CH2CI2 washed with 
water, dried over anhydrous MgSO^, and the organics 

30 concentrated under reduced pressure. The cirude product 
was purified via mediiim pressure column chromatography 
using a gradient solvent system of CH2Cl2r followed by 
1:99 methanol/CH2Cl2f followed by 2:98 methanol /CH2CI 2 
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as the solvent system to give 71.7 mg of the title 
compound. Rf « 0.06, 3:97 methanol/ CH2CI 2 , HPLC: Rt = 
12.61 min, (^H)-MMR (CDCI3) consistent with structure. 

Pxafmp?,^ ^48 

5 A. Contpotind XXII (A « tert-butoxycarbonyl, D' « 

cyclopentylmethyl, B « phenyl) . A solution of 297 mg 
of the resultant coxipound of Bxanqple 114B in 4:1 
CH^Cl^/saturated aqueous NaHCOj was treated 
sequentially, at anibient temperature under an 

10 atmosphere of nitrogen, with 217 mg of benzenesulfonyl 
chloride and 103 mg of sodium bicarbonate. The mixture 
was stirred for 6 h, diluted with CH2CI2, washed with 
saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo to yield 426 mg of the title 

15 product as a white solid. TLC: Rf = 0.32, 5% diethyl 
ether/CHjClj. (^H) -NMR (CDCI3) consistent with 
structure. 

B. Compound XXII (A » H, D' = cyclopentylmethyl, E s 
phenyl, hydrochloride salt). A solution of 400 mg of 

20 the resultant compoxmd of Example 148A in ethyl acetate 
was treated at -20^C with HCl gas for 20 min, during 
which time the temperature was allowed to warm to 20 •C. 
Nitrogen was then bubbled through the mixture for 15 
min and solvent removed in vacuo to yield 349 mg of 

25 white solid which was used directly for the ensuing 
reaction. 

C. Compoxind 148. A solution of 40 mg of the 
resultant compound of Example 14 SB in CH2CI2 was added, 
at ambient temperature under an atmosphere of nitrogen, 

30 to a solution of 31 mg of the resultant compound of 
Example 48A and 35 mg N,N-diisopropylethylamine in 
CHjClj. The mixture was stirred for 14 h, diluted with 
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CH^Cl^, washed with saturated NaHC03 cmd saturated NaCl, 
then dried over MgSO^, filtered, cind concentrated 
in vacuo. The residue was purified by low pressure 
silica gel chromatography using 20% diethyl ether/CHjCl^ 
5 as eluent to provide 45 ing of the title product as a 

white solid. TLC: Rf » 0.46, 20% diethyl ether/CH^Clj . 
HPLC: Rt - 15.78 min. (^) -MMR (CPCI3) consistent with 
structure. 

10 A. Compound XXII (A » tert-butoxycarbonyl, D* = 

cyclopentymethyl, B » 3-pyridyl) . To a solution of 
153 (0.422 xmnol) of the resultant compound of 
Exanple 114B in CH2CI2 (4 siL) was added aqueous sodium 
bicarbonate (1 mL) , solid sodixam bicarbonate 141.7 mg 

15 (1.69 mmol) , and the resultant compoxind of Example 144A 
156.1 mg. (0.879 mmol) , After 14 h, the resulting 
mixture was diluted with CH2CI2, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 

20 flash chTOTiatography using 20% to 40% EtOAc/CH2Cl2 

eluent to provide 64.7 mg of the title product. TLC; 
Rf o 0.24, 20% EtOAc/CH2Cl2. 

B. - Coitqpound XXII (A = tert-butoxycarbonyl, D' ^ 
cyclopentylmethyl , E » 3-pyridyl, hydrochloride salt) . 

25 A solution of 273.1 mg (0.572 mmol) of the resultant 

compound of Example 149 A in EtOAc (15 mL) at • 20*^0 was 
treated with anhydrous HCl gas for 10 min. The ice bath 
was removed and after an additional 15 min. , the 
reaction mixture was sparged with nitrogen then 

30 concentrated in vacuo. To a solution of the resulting 
residue in CH2CI2 (3 mL) was added, sequentially at 
ambient temperature under an atmosphere of nitrogen, 
with 0.076 mL (0.437 mmol) diisopropylethylamine and 
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34.3 xng (0.150 mmol) of the resultsmt coir^joxind of 
Example 48A« The mixture was stirred for 16 h and then 
concentrated in vacuo. The residue was taJcen up in 
CH2CI2 and washed with saturated brine, dried over 
5 magnesium sulfate, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
column chromatography using a gradient 20% to 50% EtOAc 
in CH2CI2 eluent to yield 11*3. mg of the title product. 
TLC; Rf - 0.15 40% EtOAc/CH2Cl2 * HPLC: Rt « 13.7 min; 
10 (^H) NMR (CDCI3) consistent with structure. 

A. 1-Piperidinesulfonyl chloride. A solution of 4 g 
of sulfuryl chloride in acetronitrile was treated 
dropwise with 861 mg of piper idine at ambient 
15 temperature under an atmosphere of nitrogen. After 
complete addition, the mixture was ref luxed for 18 h, 
cooled to room tenqperature and, concentrated in vacuo to 
yield the title product as a red oil. TLC: Rf » 0.86, 
CSL^Clj* (^H) -NMR (CDCI3} consistent with structure. 

20 B. Conrpound XXII (A « tert-butoxycarbonyl, D' » 

isobutyl, E = piperidinyl) . A solution of 73 mg of the 
resultant compound of Example 39A in CH2CI2 was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 121 mg of the resultant 

25 compound of Example 150A and 84 mg of N,N- 

diisopropylethylamine. The mixture was stirred for 14 
h, diluted with CH2Cl2# washed with saturated NaCl then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 

30 chromatography using 5% diethyl ether/CH2Cl2 as eluent 
to provide 70 mg of the title product as a white solid. 
TLC: Rf = 0.21 (5% diethyl ether in CHjClj) . HPLC: Rt « 
17.40 min. (^H)-NMR (CDCl.) consistent with structure- 
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C. Compovmd XXII (A = H, D' = isobutyl, B » 
piperidinyl , hydrochloride salt) • A solution of 70 mg 
of the resultant compound of Exait^le 150B in ethyl 
acetate was treated at -20*^0 with HCl gas for 20 min 
5 during which time the temperature was allowed to warm 
to 20 ^C. Nitrogen was then bubbled through the mixture 
for 15 min and solvent removed in vacuo to yield a 
viscous oil which was used directly for the ensuing 
reaction. 

10 D. Conpound 150. A solution of the resultaoit 

compound of Bxanqple 150C in CH^Cl^ was added, at ambient 
temperature under an atmosphere of nitrogen, to a 
solution of 50 mg of the resultant compound of Example 
48A and 56 mg N,N-diisopropylethylamine in CH^Cl^. the 

15 mixture was stirred for 14 h, diluted with CH^Clj, 

washed with saturated NaHC03 and saturated NaCl, then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/CH^Cl^ as eluent 

20 to provide 16 mg of the title product as a white solid. 
TLC: Rf = 0.45, (0% diethyl ether/ CH^Cl^. HPLC: Rt « 
15.00 min. (^H) -NMR (CDCI3) consistent with structure. 

gy^l^ 15^ 

A. Compound XXII (A » tert butoxycarbonyl , D* » 
25 cyclopentylmethyl , E = 4-trifluormetho3^henyl) • A 

solution of 71 mg of the resultant compound of Example 
114B in 4:1 CH2Cl2/saturated aqueous NaHCOg was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 76 mg of 4- 
30 trifluoromethoxybenzensulfonyl chloride and 25 mg of 
sodium bicarbonate. The mixture was stirred, 14 h, 
diluted with CH^Cl,, washed with saturated NaCl then 
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dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Clj as eluent 
to provide 92 mg of the title product as a white solid. 
5 TLC; Rf « 0.34, 5% diethyl ether/ CHjCl^. (^H) -NMR 
(CDCI3} consistent with structure. 

B. Compound XXII (A » H, D* » cyclopentylmethyl , E « 
4-trifluormethoxyphenyl, hydrochloride salt) .A 
solution of 92 mg of the resultant COTqpoiind of Exaxcple 

10 151A in ethyl acetate was treated at -20^C with HCl gas. 
for 20 min, during which time the temperature was 
allowed to warm to 20«C. Nitrogen was then bubbled 
through the mixture for 15 min and solvent removed 
in vacuo to yield 83 mg of white solid which was used 

15 directly for the ensuing reaction. 

C. Confound 151. A solutipn of 22 mg of the 
resultant compound of Bxaxiple ISIB in CH^^^s added, 
at anibient temperature tinder an atmosphere of nitrogen, 
to a solution of 15 mg of the resultcmt compoimd of 

20 Example 48A and 16 mg N,N*diisopropylethylamine in 

CH^Clj. The mixture was stirred for 60 h, diluted with 
. CH2CI2 f washed with saturated NaHCOg and saturated NaCl , 
then dried over MgSO^, filtered, and concentrated 
in vacuo. The residue was purified by low pressure 

25 silica gel chromatography using 20% diethyl ether/ 

CHjClj as eluent to provide 23 mg of the title product 
as_a white solid. TLC: Rf = 0.44, 20% diethyl 
ether/CHjClj . HPLC: Rt = 16.99 min. {^H) -NMR (CDCI3) 
consistent with, structure. 
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A. Conqpound XXII (A » tert-butoxycarbonyl, D' « 
isobutyl, E o 4-trifluonnethoxyphenyl) . A solution of 
97 mg of the resultant compound of Example 39A in 4:1 

5 CH2Cl2/saturated aqueous NCLHCO3 was treated 

sequentially, at ambient temperature Under an 
atmosphere of nitrogen, with 113 mg of 4- 
trif luoromethoxybenzenesulfonyl chloride auid 36 mg of 
sodium bicarbonate. The mixture was stirred for 14 h, 

10 diluted with CH^Cl^/ washed with saturated NaCl then 

dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH2Cl2 as eluent 
to provide 120 mg of the title product as a white 

15 solid. TLC: Rf » 0.34, 5% diethyl ether/CH^C^l^ . HPLC: 
. Rt » 18.54 min. (^H) -NMR (CDCI3) consistent with 
structure. 

B. Compound XXII (A = H, D' = isobutyl, E = 4- 
trifluormethoxyphenyl, hydrochloride salt) . A solution 

20 of 100 mg of the resultamt confound of Exairqple 152A in 
ethyl acetate was treated at -20®C with HCl gas for 
20 min, during which time the tenperature was allowed 
to warm to 20**C. Nitrogen was then bubbled through the 
mixture for 15 min and solvent removed in vacuo to 

25 yield 89 mg of white solid which was used directly for 
ensuing reaction. 

C. Conpound 152. A solution of 41 mg of the 
resultant compound of Example 152B in CH^Cl^ was added, 
at ambient teirqperature under the atmosphere of 

30 nigrogen, to a solution of 28 mg of the resultant 
confound of Example 48A and 32 mg N,N- 
diisopropylethylamine in CHjClj. The mixture was 
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stirred 14 h, diluted with CH^Cl^, washed with saturated 
NaHCOj and saturated NaCl, then dried over MgSO^, 
filtered, smd concentrated in vacuo. The residue was 
purified by low pressure silica gel chromathography 
5 using 5% diethyl ether/CHjCl^ as eluent to provide 30 mg 
of the title product as white solid, TLC: Rf - 0.08 
(5% diethyl ether/CHjClj) HPLC: Rt = 16,52 min. 
(^H) -NMR (CDClj) consistent with structure. 

Pxgmp3.g J.53 

10 A. Compound XXii (A = tert-butoxycarbonyl, D" « 

isobutyl, E » 4-methQxyphenyl) . To a solution of the 
resultant compound of Bxanqple 39A (600 mg, 1.77 mmol) 
in CH2CI2 (10 mL) was added 4-methoxybenzene8ulfonyl 
chloride (0.55 g. 2.66 mmol) followed by the addition 

15 of a saturated solution of sodium bicarbonate (3, mL) 
and 0.30 g of solid sodiian bicarbonate. The mixture 
was stirred at ambient ten5)erature overnight. The 
solution was diluted with 200 mL CH2Cl2# the organics 
were separated, dried over az^ydrous MgSO^, cuid the 

20 organics concentrated \inder reduced pressure. The 

crude product was purified via medium pressure liquid 
chromatography using a gradient solvent system of 
CH2CI2 followed by 5:95 ether/CH2Cl2 solution to give 
630 mg of the title compound as a white solid. TLC: Rf 

25 « 0.48, 3:97 methanol/(3l2Cl2. (^H)-NMR (CDCI3) 
consistent with structure. 

B. Con5)ound XXII (A = H, D' = isobutyl, E = 4- 
methoxyphenyl , hydrochloride salt) . To a solution of 
the resultant compound of Example 153A (0.63 g, 
30 1.24 mmol) in EtAc (5 mL) was added 30% w/w HCl in 
EtOAc (5 mL.) The mixture was stirred for 6 hours 
ambient temperature. The solution was concentrated 
under reduced pressure to give 0.59 g of a white solid 
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which was used directly for subsequent reaction. TLC 
Rf = 0.12, 3:97 methanol/C3l2Cl2- 

C. Conqpound XXII (A = (3-pyridyl) -methyloxycarbonyl, 
D' = isobutyl, B « 4-methoxyphenyl) . To a solution of 
the resultant compound of Example 153B (100 mg, 
0.23 mmol) in CH2CI2 (5 mL) was added triethylamine 
(0.1 mL, 0.72 mmol) followed by slow addition over 
3 hours of the resultant confound of Example 82A 
(75 mg, 0.27 xnmoD 'as a solution in CH2CI2 (5 xnL) . The 
mixture was stirred at ambient tenqperature for 
24 hours. The organics was concentrated under reduced 
pressure and the crude product was purified via medium 
pressure coliamn chromatography using a gradient solvent 
system of CH2CI2, followed by 1:99 methanol/CH2Cl2f 
followed by 3:97 methanol /CH2CI2 as the solvent system 
to give 49.3 mg of the title compound. Rf « 0.33, 3:97 
methanol/CH2Cl2. HPLC: Rt o 13 .18 min, (.^H) -NMR (CDCI3) 
consistent with structure. 

PyampJrQ 154 

Compound 154. To a solution of the resultant compound 
of Example 153B (100 mg, 0.20 mmol) in CH2CI2 (5 mL) 
was added triethylamine (0.25 mL, 1.8 mmol) followed by 
allylchlorof ornate (0.1 mL, 0.94 mmol) . The mixture 
was stirred at airibient temperature for 24 hours. The 
solution was concentrated under reduced pressure and 
the crude product purified via medium pressure column 
chromatography using a gradient solvent system of 
CH2Ci2, followed by 1:99 methanol/CH2Cl2 as the solvent 
system to give 94 mg of the title compound. ' Rf = 0.71, 
3:97 methanol/CH2Cl2. HPLC : Rt = 16.12 min, (^H)-NMR 
(CDCI3) consistent with structure. 
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A. N-hydroxys\iccinimidyl-l-methoxypropane-3- 
carbonate. A solution of 355 mg of 2 -methylene- 1,3- 
propanediol in acetonitrile (30 mL) was added 
5 sequentially, at ambient temperature, 65 mg of sodium 
hydride and 0.25 mL iodome thane. The mixture was 
stirred for 12 h and concentrated in vacuo. The 
residue was then tedcen up in 15 mL of acetonitrile cmd 
treated sequentially, at ambient temperature under an 

10 atmosphere of nitrogen, with 1.3 g of N,N- 

disuccinimidyl carbonate and 1.6 mL of triethylamine ; 
After stirring for 14 h, the reaction mixture was 
concentrated in vacuo and the residue was diluted 
^2^^2' with saturated sodixm bicarbonate 

15 solution smd saturated brine, dried over magnesliim 
sulfate, filtered and* concentrated in vacuo. The 
residue was purified by silica gel chromatography with 
EtOAc as elucuit to give 95 mg of the title conqpoxxnd. 
(^H)*NMR (CZ>Cl3) consistent with structure. 

20 B. Compound 155. A solution of 0.05iS mmol of the 

resultcint conqpbund of Example 40A was reacted with the 
resultant compotind of Example 155A in the manner 
described in Exaxctple 132. After concentration of the 
mixture in vacuo and worlcup, the residue was purified 

25 by thick layer silica gel chromatography using 7% 

MeOH/CH2Cl2 as eluant followed by preparative reversed- 
phase Gig HPLC using a linear gradient of 35% to 100% 
CH3CN/H2O with 0.1% TFA as eluant to obtain 3.7 mg of 
the title compound. TLC: Rf = 0.45, 7% MeOH/CHjClj. , 

30 HPLC: Rt « 13.78 min. 

A. i-acetylindoline-5-sulfonyl chloride. A 1.02 g 
portion of 1- acetyl indoline was treated with 2 mL of 
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chlorosxilfonlc acid at O^C. The mixture was heated at 
60^C for 2 h/ then treated with crushed ice, filtered 
and dried to give 1.3 g of the title confound which was 
used directly for subsequent reaction. TLC: Rf « 0.18| 
5 50% EtOAc/hexane. (^H)-NMR (CDCI3) consistent with 
structure. 

B. Compound XXII (A « tert-butoxycarbonyl, D" = 

. cyciopentylmethyl , B « 5- (N- acetyl ) -indoline) . To a 
solution of 60 mg of the resultant compound of 

10 Example 114B in 15 mL of CH2CI2 was added (5 mL) 

saturated aqueous sodium bicarbonate solution, 50.0 mg 
sodium bicarbonate, and 60 mg of the resultant compound 
of Bscaspl^ 156A. After 4 h, the resulting mixture was 
diluted with CH2Cl2r washed with saturated brine, dried 

15 over magnesiiun sulfate and filtered. The mixture was 
then concentrated in vacuo to give the desired product 
which was used directly for sxabsequent reastion. 
(^H) -NMR (CDCI3) consistent with structure. 

C. Cpnqpoxmd 156. A solution of 37 mg of the 

20 resultant compound of Example 156B in BtOAc (15 mL) at 
0^ C was treated with amhydrous hydrogen chloride gas 
for 10 min., and allowed to stand for 12 h while 
warming to ambient ten^erature. This crude material 
was then reacted with allyl chlorof ozmate in the manner 

25 described in Exan^le 87B. After concentration of the 
mixture in vacuo and worlcup, the residue was purified 
by thick layer silica gel chromatography using 7% 
MeOH/CH2Cl2 as eluant followed by preparative reversed* 
phase HPLC using a linear gradient of 35% to 100% 

30 CH3CN/H2O with 0.1% TFA as eluant to obtain 10.5 mg of 
the title compound. TLC: Rf = 0.75, 10% MeOH/CH2Cl2. 
HPLC: Rt = 15.78 min; (^H) -NMR (CDCL3) consistent with 
structure. 
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Exantplg 157 

Compound 157. A solution of 37 mg of the 
resultant compound of Example 156B in EtOAc (15 mL) at 
0® C was treated with anhydrous hydrogen chloride gas 
5 for 10 min., and allowed to stand for 12 h while 

warming to axnbient temperature. This crude material 
was then reacted with the resultcuit confound of Example 
48A in the manner described in Exan^le 88. After 
concentration of the mixture in vacuo, the residue was 
10 purified by preparative reversed-phase C-13 HPLC using a 
linear gradient of 35% to 100% CHgCN/HjO with 0.1% TFA 
as eluant to c>btain 17.9 mg of the title compound. 
TLC: Rf « 0.6, 10% MeOH/CH2Cl2. HPLC: Rt « 14.68 
min; (^H)-NMR (CDCL3) consistent with structure. 

15 Ea^^Jttpl^ ^59 

A. Compound XXII (A = tert-butoxycarbonyl , D' = 
cyclohexylmethyl , E = H) . To a solution of compound XX 
(A = Boc) (5.0 mmol) in ethanol (20 mL) was added 
cyclohexylmethylamine (3.25 mL, 2.83 mmol) and the 

20 mixture was stirred for 3 hours at ambient temperature. 
The solution was filtered and concentrated under 
reduced pressure to give 1.49 g of a white solid which 
was used directly for subsequent reaction. TLC: Rf « 
0.14, 3:97 methanol/CHjClj. (^H)-NMR (CDCI3) consistent 

25 with structure. 

B. Compound XXII (A = tert-butoxycarbonyl, D' « 
cyclohexylmethyl, E » 4-methoxyphenyl) • To a solution 
of the resultant compound of Example 15 8 A (400 mg, 1.06 
mmol) in CHjClg (10 mL) was added 4- 

30 methoxybenzenesulfonyl chloride (0.66 g, 3.1 mmol) 

followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.18 g of solid sodium 
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. bicarboziate. The mixture was stirred at ambient 
temperature overnight* The solution was diluted with 
200 mL CH2Cl2# the organics separated, dried over 
anhydrous MgS04, and the organics concentrated under 
5 reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using CH2CI2/ 
followed by 1:99 methanol/CH2Cl2 as the solvent system 
to give 340 mg of the title coznpound as a white solid. 
TLC: Rf « 0.39, 3:97 methanol/CHjClj/ (^H)-NMR (CDCL3) 
10 consistent with structure. 

C. Coaqpound XXI {h ^ E, D' » cyclohexylmethyl , E » 4- 
methoxyphenyl , hydrochloride salt). To a solution of 
the resultant compound of Bxanple 158B (0.34 g, 0.62 
xnmol) in EtOAc (10 mL) was added 30% w/w HCl in EtOAc 
is (5 mL) • The mixture was stirred for 3 hours at ambient 
temperature. The solution was concentrated under 
reduced pressure to give 0.3 g of a white solid which 
was used directly for subsequent reaction. TLC: Rf » 
0.12, 3:97 methanol /CH2CI2. 

20 D. Compound 158. To a solution of the resultant 

compoimd of Exanqple 158C (100 mg, 0.21 mmol) in CH2CI2 
(8 mL) was added triethylamine (0.2 mL, 1.44 mmol) 
followed, by the resultant compoimd of Example 48A (71 
mg, 0.31 mmol). The mixture was stirred at ambient 

25 temperature for 6 hours. The solution was diluted with 
CH2Cl2# (200 mL) washed with a saturated solution of 
sodiiam bicarbonate (30 mL) , the organics separated, 
dried over anhydrous MgSO^ and concentrated under 
reduced pressure and the crude product purified via 

30 medium pressure column chromatography using a gradient 
solvent system of CH2CI2 followed by 10:90 EtOAc/CH2Cl2 
as the solvent system to give 84.9 mg of the title 
compoxind. TLC: Rf « 0.48, 3:97 methanol /CH2CI 2, HPLC: 
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Rt » 16.35 min; (^H) -NMR (CDCI3) consistent with 
structure. 

Example 159 

A. Compoimd XXII (A « tert-butoxycarbonyl, D' = 
cyclohexylmethyl , E = 4-fluorophenyl) . To a solution 
of the resultant compound of Example 158A (400 mg, 1.06 
mmol) in CHjClj (10 mL) was added 4- 
fluordbenzenesulfonyl chloride (0.62 g, 3.2 mmol) 
followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.18 g of solid sodium 
bicarbonate. The mixture was stirred at ambient 
temperattire overnight. The solution was diluted with 
200 mL CH2Cl2» the organics separated, dried over 
anhydrous MgS04, and the organics concentrated under 
reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using CH2Ci2 
followed by 1:99 methanol /CH2CI2 solution as the 
solvent system to give 280 mg of a white solid. TLC: 
Rf = 0.47, 3:97 methanol/CH2Cl2, (^H)-NMR (CDCI3) 
consistent with structure. 

B. Compound XXII (A = H, D' = cyclohexylmethyl , E = 
4-fluorophenyl, hydrochloride salt) . To a solution of 
the resultant compound of Example 159A (0.28 g, 0.52 
mmol) was added 30% w/w HCl in EtOAc (10 mL) . The 

25 mixture was stirred for 3 hours at ambient temperature. 
The solution was concentrated under reduced pressure to 
give 0.23 g of a white solid which was used directly 
for subsequent reaction. TLC: Rf = 0.13, <(3:97 
methanol /CH2CI2. (^H)-NMR (CDCLg) consistent with 

30 structure. 

C. Compound 159. To a solution of the resultant 
compound of Example 159C (100 mg, 0.21 mmol) in CH2CI2 



10 



15 
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(8 mL) was added triethylaznine (0.2 inL, 1.44 mmol) 
followed by the resultant compound of Example 48A (73 
mg, 0.32 mmol). The mixture was stirred at ambient 
teniperature for 6 hours. The solution was diluted with 
5 CH2Cl2# (200 mL) washed with saturated solution of 

sodium bicarbonate (30 mL) , dried over anhydrous MgSQ4, 
the organics concentrated under reduced pressure and 
the crude product purified via medixim pressure column 
chromatography using a gradient solvent system of 
10 CH2Cl2# followed by 10:90 EtOAc/CH2Cl2 as the solvent . 
system to give 54 mg of the title compoxmd. TLC: Rf » 
0.46, 3:97 methanol/CHjClg, HPLC: Rt » 16.48 min; ('^H)- 
NMR (CDCL3) consistent with structure. 

15 A. Compound XXII (A- = tert-butoxycarbonyl, D» » 
cyclohes^lmethyl , E a 4'-acetamidophenyl) . To a 
solution of the resultant conipound of Exanple 158A (400 
mg, 1.06 mmol) in CH2CI2 (10 mL) was added 4- 
aceteunidobenzenesulfonyl chloride (0.75 g, 3.2 mmol) 

20 followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) cuid 0.18 g of solid sodium 
bicarbonate. The mixture was stirred at ambient 
teniperature overnight. The solution was diluted with 
200 mL CH2Cl2# the organics separated, dried over 

25 anhydrous MgSO^, and the organics concentrated under 
reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using CH2CI2, 
followed by 1:99 methanol/CH2Cl2 and 2:98 
methanol/CH2Cl2 as the solvent system to give; 290 mg of 

30 the title compotmd as a white solid. TLC: Rf = 0.14, 
3:97 methanol/CH2Cl2, (^H)-NMR ((3)013) consistent with 
structure - 
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B. Conqpound XXII (A « H, D' = cyclohexylmethyl , E = 
4-acetainidophenyl, hydrochloride salt). To the 
resultant compoiind of Example 160A (0.29 g, 0.51 mmol) 
was added 30% w/w HCl in EtOAc (10 xnL) . The mixture 
5 was stirred for 3 hours at ambient ten^erature. The 
solution was concentrated under reduced pressure to 
give 0.28 g of a white solid which was used directly 
for subsecpient reaction. TLC: Rf » 0.10, 3:97 
methanol/CSl2Cl2 • 

10 C. Compound 160. To a solution of the resultant 

confound of Example 160B (100 mg, 0.20 mmol) in CH2CI2 
(8 mL) was added triethylamine (0.2 mL, 1.44 mmol) 
followed by the resultcuit compound of Example 48A (67 
mg, 0.30 mmol). The mixture was stirred at ambient 

15 tenperature for 6 hours. The solution was diluted with 
CH2Cl2# (200 mL) washed with saturated solution of 
sodium bicarbonate (30 mL) , dried over, anhydrous MgS04, 
the orgemics concentrated under reduced pressure and 
the crude product purified via medium pressure column 

20 chromatography using a gradient solvent system of 
CH2CI2, followed by 10:90 EtOAc/CH2Cl2/ followed by 
20:80 EtOAc/CH2Cl2 as the solvent system to give 56.8 
mg of a white solid. TLC: Rf= 0.17, 3:97 
methanol/CH2Cl2, HPLC: Rt = 14.65 min; (^H)-NMR (CDCI3) 

25 consistent with structure. 

E?camp?.e ISX 

A. 4-Morpholinesulfonyl chloride. A solution of 4.6 
g of sulfuryl chloride in acetonitrile was treated 
dropwise with 996 mg of morpholine at ambient 
30 teirperature under an atmosphere of nitrogen. After 
complete addition, the mixture was refluxed for 16 h, 
cooled to room temperature, and concentrated in vacuo 
to yield the title product as a red oil. TLC: Rf = 
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0.65 CHjClj. (^H)-NMR iCDCl^) consistent with 
structure. 

B. Compound XXII (A-tert-butoxycarbonyl, D' « 
isobutyl, E 8 morpholinyl) • A solution of 98 mg of the 

5 resultant compound of Example 39A in 4;1 

CHjCl^/saturated aqueous NaHCOj was treated 
sequentially, at ambient tenqperature under an 
atmosphere of nitrogen, with 270 mg of the resultant 
compound of Example 161A and 122 mg of sodium 

10 bicarbonate. The mixture was stirred for 14 h, diluted 
with CK2^^2' ^^i^d MgSO^, filtered, suid 

concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using OI^Cl^ as 
eluent followed by preparative HPLC to provide 22 mg of 

15 the title product as an oily solid. TLC: Rf » 0>46, 
20% diethyl ether/CHjCl^. HPLC: Rt = 15.50 min. 
(^H) -NMR (CDCI3) consistent with structure. 

C. Compound XXII (A = H, D» « isobutyl, E » 
morpholinyl, hydrochloride salt) • A solution of 22 mg 

20 of the resultant conipoimd of Example 16 IB in ethyl 
acetate was treated at -20®C. Nitrogen was then 
bubbled through the mixture for 15 min euid solvent 
removed in vacuo to yield an oily semi-solid mass which 
was used directly for the ensuing reaction. 

25 D. Compound 161. A solution of the resultant 

confound of Exanple 161C in CH2CI2 was added, at ambient 
temperature under an atmosphere of nitrogen, to a 
solution of 16 mg of the resultant coirpound of Example 
48A and 18 mg N,N-diisopropylethylamine in CH^Clj. The 

30 mixture was stirred for 14 h, diluted with CH^Cl^^ 

washed cuid saturated with NaHC03 saturated NaCl, 
then dried over MgSO-, filtered, and concentrated 
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in vacuo. The residue was purified by preparative HPLC 
to provide 21 mg of the title product as an oily solid. 
TLC: Rf « 0.22, 20% diethyl ether/CHjCl^. HPLC: Rt = 
13.01 min. (^H) -NMR (CDCI3) consistent with structure. 

5 gxgmplg Ig? 

Coicqpoimd 162. A solution of 3D mg of the 
resultant compoxind of Exaxnple 166A was , deprotected with 
hydrogen chloride gas and the resulteuit compound was 
reacted with the resultant compound of Example 155A in 

10 the manner described in Example 155B. After 

concentration of the mixture in vacuo and workup, the 
residue was purified by thick layer silica gel 
chromatography using 5% MeOH/CH2Cl2 as eluant , followed 
by preparative reversed-phase C^q HPLC using a linear 

15 gradient of 35% to 100% CHgCN/Hj) with 0.1% TFA as 

eluant to obtain 6.2 mg of the title compound. TLC: Rf 
= 0.65, .5% MeOH/CHjClj. HPLC: Rt = 15.93 min {^H)-NMR 
(CDCI3) consistent with structure. 

20 Conqpound 163. A 120.3 mg portion of the 

resultant compound of Example 153B was reacted with the 
resultsmt conqpoxmd of Exanqple 82A as described in 
Exan5)le 82B. After workup and concentration in vacuo, 
the residue was purified by low pressure silica gel 

25 column chromatography using 50% EtOAc in CH2CI2 eluent, 
followed by preparative reversed-phase C^g HPLC using a 
linear gradient of 40% to 100% acetonitrile/water for 
elution to obtain 44.3 itig of the title compound. TLC: 
Rf - 0.18, 50% EtOAc/CH2Cl2. HPLC: Rt«13.13 min; (^H) 

30 NMR (CDCI3} consistent with structure. 



wo 94/05639 PCT/US93/08458 

- 229 - 

B3cample 164 

A. N-hydroxysuccininiidyl- (2 -phenyl) ethyl carbonate. 

A solution of 306 mg o£ phenethyl alcohol and 535 zng of 
N,N' -disuccinimldyl carbonate in acetonitrile was 
5 treated, at ambient texnperature under cm atmosphere of 
nitrogen, with 810 mg of N,N-diisopropylethylamine. 
The mixture was stirred for 60 h and concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with saturated NaHCOg, saturated NaCl, then 
10 dried over MgS04, filtered, and concentrated in vacuo 
to yield the title product as a yellow oil. TLC: Rf - 
0.40 (5% methanol in CnijClj) • {^H)-NMR (CDClg) 
consistent with structure. 

B. Compound 164. A solution of 81 mg of the 

15 resultant conpotuid of Exasple 164A in CH2CI2 was added, 
at ambient tenperature under an atmosphere of nitrogen, 
to a solution of 41 mg of the resultant conpound of 
exantple 40a and 45 mg N,N-diisopropylethylamine in 
CH2CI2. The mixture was stirred for 4 h, diluted with 

20 CH2CI2/ washed with saturated NaHCOg and saturated NaCl, 
then dried over MgS04, filtered, and concentrated in 
vacuo. The residue was subjected to preparative HFLC 
to yield 18 mg of the title product. TLC: Rf = 0.83 
(5:10:85 NH4H/CH3OH/CH2CI2) . HPLC: Rt = 15.78 min. 

25 (^H)-NMR (CDCI3) consistent with structure. 

Example 165 

Compound 165. A solution of 36 mg of the 
resultant compound of Example 51D in 4:1 
CHjClj/saturated aqueous NaHCOj was treated 
30 sequentially, at ambient temperature under an 

atmosphere of nitrogen, with 20 mg of p-toluenesulfonyl 
chloride euid 18 mg of sodium bicarbonate. The mixture 
was stirred for 3 h, diluted with CH^Cl,, washed with 
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saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
ether /CHjClj as eluent to provide 38 mg of the title 
5. product as a white solid. TLC: Rf = 0.15, 5% diethyl 
ether/caijClj . HPLC: Rt = 15.27 min. (^H) -NMR (CDCI3) 
consistent with structure. 

A. Compoiind XXZI (A = tert-butoxycarbonyl, D* = 

10 cyclopentylmethyl, B » 4-methoxyphenyl) . To a solution 
of the resultant ccnxpound of Example 114B (1.8 g, 4.96 
mmol) in C3I2CI2 (10 nL) was added 4- 
methoxylbenzensulfonyl chloride (2.10 g, 9.93 znmol) , 
followed by addition of a saturated solution of sodium 

15 bicarbonate (3 mL) and 0.83 g of solid sodium 

bicarbonate. The mixture was stirred at ambient 
temperature for 24 hours. The solution was diluted 
with 200 mL CH2CI2, the orgamics were separated, dried 
over anhydrous MgSO^, auad concentrated under reduced 

20 pressure. The crude product was purified via medium 
pressure liquid chromatography using CH2Cl2f followed 
by 1:99 methanol /CH2CI2 followed by 2:98 
methanol /CH2CI2 as the solvent system to give 1.49 g of 
the title compound as a white solid. TLC: Rf « 0.37, 

25 3:97 methanol/CH2Cl2; (^H)-NMR (CDCI3) consistent with 
structure . 

B. Corr?)Ound XXII (A « H, D' =cyclopentylmethyl, E = 4- 
hydroxyphenyl) . A solution of the resultant compound 
of Example 166A (l.ll g, 2.08 mmol) in CH2CI2 (20 mL) 

30 was added to a solution of boron tribromide in CH2CI2 
(1.0 M, 10.4 mL) . The mixture was stirred at ambient 
temperature for 24 hours. The solution was poured onto 
40 mL of a saturated solution of sodioim bicarbonate. 
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The aqueous layer was extracted with 250 mL C3I2C12 
followed by extraction with 250 xnL EtOAc. The combined 
organics were dried over anhydrous MgS04, concentrated 
under reduced pressure and the crude product purified 
5 via medium pressure col\2mn chromatography using a 
gradient solvent system of CH2CI2, followed by 1:99 
methanol/CH2Cl2f followed by 9:98 methanol /CH2Cl2f 
followed by a 1:5:95 concentrated NH40H/methanol/CH2Cl2 
solution as^the solvent system to give 0.38 g of the 
10 title compoxind. TLC: Rf » 0.18, 3:97 methanol /CH2Cl2r 
(^H)*NMR (CX)Cl3) consistent with structure. 

C. Compoiind 166. To a solution of the resultant 
con^oxind of Exanqple 166B (300 mg, 0.69 mmol) in CH2CI2 
(5 mL) was added triethylamine (0.12 mL, 8.6 mmol), 

15 followed by slow addition over 3 hours of the resultant 
compound of Exanple 82A (0.21 g, 0.77 mmol) as a 
solution in cai2Cl2 (5 mL) . The mixture was stirred at 
axribient temperature for 24 hours. The solution was 
diluted with 250 mL CH2CI2, washed with water, dried 

20 over anhydrous MgS04, and the organics concentrated 

under reduced pressure. The crude product was purified 
via medium pressure coluxmi chromatography using a 
gradient solvent system of C3I2C12 followed by 1:99 
methanol/CH2Cl2i followed by 2:98 methanol/CH2Cl2 as the 

25 solvent system to give 110 mg of a white solid. TLC: 

Rf = 0.14 (3:97 methanol /CH2CI2 ) , HPLC: Rt = 12.69 min, 
(^H)-NMR (0^013) consistent with structure. 

Example 167 

Confound 167. A solution of 102 mg of the 
30 resultant compound of Example 51D in 4:1 

CH2Cl2/saturated aqueous NaHC03 was treated 
sequentially, at ambient tenqperature under an 
atmosphere of nitrogen, with 65 mg of p- 
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nitrobenzenesulfonyl chloride and 51 mg of soditim 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo. The 
5 residue was purified by low pressure silica gel 

chromatography using 20* diethyl ether/cajjCl^ as eluent 
to provide 124 mg of the title product as a white 
solid. TLC: Rf » 0.36, 20% diethyl ether /CH^Cl^ . HPLC: 
Rt B 15.15 min. (^H) -NMR (CDCI3) consistent with 
lb structure. 

Contqpound 168. A solution of 124 mg of the 
resultant conqpound of Example 167 in ethyl acetate was 
treated, at ambient temperature, with 13 mg of 10% 

15 palladiiim on carbon. The mixture was stirred for 14 h 
under an atmosphere of hydrogen, filtered through a pad 
of Celite filter agent, and concentrated in vacuo. The 
residue was subjected to preparative HPLC to yield 82 
mg of the title product as a white solid. TLC: Rf = 

20 0.10, 20% ether/CHjClj. HPLC: Rt = 13.16 min. (^H) -NMR 
(CDCI3) consistent with structure. 

Example 169 

Compound 169. To a solution of the resultant 
compo\ind of Example 166B (80 mg, 0.18 mmol) in CH2CI2 

25 (15 mL) was added a saturated solution of sodium 

bicarbonate (5 mL) followed by the addition of the 
resultant conpound of Exan^le 48A (55 mg, 0.24 mmol). 
The mixture was stirred at ambient temperature for 5 
hours. The solution was diluted with 200 mL CH2CI2, 

30 the organics separated, dried over anhydrous MgS04, and 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using CH2CI2/ followed by 1:99 methanol /CH2CI 2 as the 
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solvent system to give 56 mg of the title compound as a 
white solid. TLC: Rf « 0.24, 3:97 methanol /CH2Cl2# 
HPLC: Rt « 14.29 min. (^H)-NMR (CDCI3) consistent with 
structure. 

Example 170 

A. Compound XXZZ (A « tert-butos^carbonyl, D' - 
cyclopentylmethyl , E » 4,nitrophenyl) . To a solution 
o£ the resultant canqpoxind of Example 114B (250 mg, 
0.69 mmol) in CH2CI2 (15 mL) was added a saturated 
solution of sodium bicarbonate (5 xHL) followed by solid 
soditim bicarbonate (0.12 g, 1.37 mmol) auid 4- 
nitrobenzensulfonyl chloride (200 mg, 0.9 mmol). The 
mixture was stirred at ambient temperature for 24 
hours. The solution was diluted with 200 mL CH2Cl2» 
the organics separated, dried over anhydrous MgSO^, and 
concentrated \ihder reduced pressure. The crude product 
was purified via medium. pressure liquid .chromatography 
using a gradient solvent system of CH2CI2 followed by 
1:99 methanol/CH2Cl2 to give 360 mg of the title 
conpoimd as eua orange solid. TLC: Rf » 0.45, 3:97 
methanol/CH2Cl2* (^H) -NMR (CDCI3) consistent with 
structure • 

B. Compound XXII (A = H, D' « cyclopentylmethyl , E- 
4-nitrophenyl, hydrochloride salt) . To the resultant 
confound of Example 170A (360 mg, 0.66 mmol) was added 
10% w/w HCl in EtOAc (15 mL) . The mixture was stirred 
for 3 hours at ambient temperature. The solution was 
concentrated under reduced pressure to give 310 mg of 
the title compound as an orange solid which was used 
directly for subsec[uent reaction. TLC: Rf » 0.70, 
1:10:90 NH40H/methanol/CH2Cl2. 



wo 94/05639 



PCr/US93/08458 



- 234 - 

C. Compoiind 170. To a solution of the resultant 
compound of Exas^le 170B (310 mg, 0.64 znmol) in CH2CI2 
(15 mL) was added a saturated solution of sodiiom 
bicarbonate (5 zoL) followed by the addition of solid 
5 sodiiun bicarbonate (O.ll g, 1.3 mznol) and the resultant 
compound of Example 48A (0.18 g, 0.77 inmol) . The 
mixture was stirred at ambient teznperature for 24 
hours. The solution was diluted with 150 mL CH2CI2, 
the orgemics separated, dried over anhydrous MgS04, and 

10 concentrated under reduced pressure. The crude product 
was purified via medixun pressure liquid chromatography 
using 012^12 # followed by 1:99 methanoi/C3i2Cl2 as the 
solvent system to give 0.32 g of the title conpound as 
a white solid. TLC: Rf « 0.28, 3:97 methanol/CH2Cl2, 

15 HPLC: Rt « 16.06 min, (^H}*NMR (CDClg) consistent with 
structure. 

Example 171 

Compound 171. A solution of the resulteuit 
conpoimd of Example 170C (0.19 g, 0.34 mmol) in EtOAc 

20 (10 mL) was treated at ainbient temperature with 50 mg 
of 10% palladium on carbon suid hydrogenated for 72 
hours tinder a slight positive pressure of hydrogen. 
The mixture was filtered and concentrated in vacuo and 
the crude product purified via medium pressure liquid 

25 chromatography using CH2Cl2# followed by 1:99 

methanol /CH2Cl2f followed by 3:97 methanol/CH2Cl2i 
followed by 10:90 methanol /CH2CI2 as the solvent system 
to give 97 mg of the title compound as a white solid. 
TLC: Rf = 0.25, 3:97 methanol/CH2Cl2f HPLC: Rt = 14.28 

30 min, (^H)-NMR (CDCI3) consistent with stinicture. 



Example 172 

A. Compound XXII (A-tert-butoxycarbonyl, 

D ' «cyclopentylmethyl , E=2 , 4 - dinitropheny 1 ) . To a 
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solution of the resultant compound of Exanple 114B 
(500 ing, 1.38 xnmol) in CH2CI2 (15 mL) was added a 
saturated solution of sodium bicarbonate (5 mL) 
followed by solid sodium bicarbonate (0.23 g, 
2.76 mmol) and 2,4-dinitrobenzene8Ulfonyl chloride 
(440 mg, l«65 mmol). The mixture was stirred at 
ambient temperature for 2 hours. The solution was 
diluted with 200 mL CH2Cl2f the organics separated, 
dried over anhydrous MgS04, and concentrated under 
reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using a gradient 
solvent system of CH2CI2, followed by 1:99 
methanol /CH2CI2 to give 700 mg of the title compound aa 
a brown solid. TLC: Rf « 0.48, 3:97 methanol/CnijClj, 
(^H)-NMR (CDCI3) , consistent with structure. 

B. Compound XXII {A=H, D'=cyclopentylmethyl, E-2,4- 
dinitrophenyl , hydrochloride salt). To a the resultant 
compound of Example 172A (700 mg, 1.18 mmol) was added 
10% w/w HCl in EtOAc (20 mL) . The mixture was stirred 
for 3 hours at ambient temperature. The solution was 
concentrated under reduced pressure to give 590 mg of 
the title confound as a brown solid which was used 
without subsequent purification. TLC: Rf » 0.55, 
1:10:90 NH40H/methanol/CH2Cl2. 

C. Compoxind 172. To a solution of the resultant 
compound of 172B (590 mg, 1.11 mmol) in CH2CI2 (15 mL) 
was added a saturated solution of sodium bicarbonate 
(5 mL) , followed by solid sodium bicarbonate (0.19 g, 
2.2 mmol) and the resultsuit compound of Example 48A 
(0.31 g, 1.3 mmol) . The mixture was stirred at axnbient 
tenqperature for 24 hours. The solution was diluted 
with 150 mL CH2Cl2# the organics separated, dried over 
anhydrous MgS04, and the organics concentrated under 
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reduced pressure . The crude product was purified via 
medium pressure liquid chromatography using a 
CH3OH/CH2CI2 gradient as eluant, to yield the product as 
0.59 g of a white solid. HPLC: Rt = 16.36 min, (^H)- 
5 NMR (CDCI3) consistent with structure. 

Compound 173. A solution of the resultant 
conpound of Exanple 172C (0.20 g, 0.33 mmol) in EtOAc 
(10 mL) was treated under ambient tenqperature with 

10 50 mg of 10% palladi\2zh on carbon and hydrogenated for 
72 hours under a slight positive pressure of hydrogen. 
The mixture was filtered and concentrated in vacuo and 
the crude product purified via medixim pressure liquid 
chromatography using CH2CI2, followed by 1:99 

15 methanol/CH2Cl2, 3:97 methanol /CH2CI2, and 10:90 

methanol/CH2Cl2 as the solvent system to give 120.2 mg 
of the title compound as a light brown solid. TI«C: Rf 
= 0.17, 3:97 methanol/CiH2Cl2, HPLC: Rt - 13.47 min, 
(^H)-NMR {CDCI3) consistent with structure. 

20 pxgrote 17^ 

A. 4-Benzylo3cybenzenesulfonyl chloride. To 0.87 g of 
dimethylformamide, at 0 *»C under an atmosphere of 
nitrogen, was added 1.61 g of sulfuryl chloride. The 
mixture was stirred for 15 min and treated with 2.00 g 

25 of benzyl phenyl ether. The mixture was then heated at 
lOO^C for 1.5 h, cooled to about 40 poured onto ice, 
extracted with CH^Cl^^ dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 10% ethyl 

30 acetate in hexane as eluent to provide 0.78 g of the 
title product as a white solid. TLC: Rf « 0.46, 10% 
ethyl acetate in hexane. C'^H) -NMR (CDCI3) consistent 
with structure. 



wo 94/05639 



PCr/US93/08458 



237 



B. Compound 174. A solution of .30 mg of the 
resultant conpoxind of Exanple 51D in 4:1 
CH^Cl^/ saturated aqueous NaHC03 was treated 
sequentially, at ambient temperature under eui 
5 atmosphere of nitrogen, with 24 mg of the resultant 
conqpound of Example 174A and 18 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CH^Cljf washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

10 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether/CH^Clj ais the 
eluent to provide 14 mg of the title product as a white 
solid. TLC: Rf - 0.43, 20% diethyl ether/CHjCl^ . HPLC: 
Rt « 17.01 min. (^H)-NMR (CDCI3) consistent with 

15 structure. 

Compound 175. A solution of 11 mg of the 
resultant compound Example 174B in ethyl acetate was 
treated at ambient temperature, with 2 mg of 10% 

20 palladiiim on carbon. The mixture was stirred for 14 h 
under an atmosphere of hydrogen, filtered through a pad 
of Celite filter agent, filtered, and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel chromatography using 10% metheuiol in CH2CI2 

25 as the eluent to provide 9 mg of the title product as a 
white solid. TLC: Rf « 0.38, 10% methanol in CHjClj. 
HPLC: Rt = 13.37 min. (^H) -NMR (CDCI3) consistent with 
structure. 

Example 176 

30 A. l,3-Benzodioxole-5-sulfonyl chloride. To 3.50 g 
of dimethyl formamide, at O^C under an atmosphere of 
nitrogen, was added 6.47 g of sulfuryl chloride. The 
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mixture was stirred 15 min and treated with 5.32 g of 

1.3- benxodioxole. The mixture was then heated at 120 
for 45 min, cooled to about 40**C, poured onto ice, 
extracted with CH2CI2/ dried over MgSO^, filtered, and 

5 concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 40% CH^Clj in 
hexane as eluent to provide 2.70 g of the title product 
as a yellow solid. TLC: Rf « 0.37, 40% CH^Cl^ in 
hexane. (^H) -NMR (CDCI3) consistent with structurie. 

10 B. Coii?>ound XXII (A = tert-butoxy, D' « isobutyl, E = 

3.4- benzodioxole) . A solution of 49 mg of the 
resultant compound of Example 39A in 4:1 
CHjClj/saturated aqueous N0LHCO3 was treated 
sequentially, at ambient temperature under an 

15 atmosphere of nitrogen, with 45 mg of the resultant 
comnpound of Example 176A and 28 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

20 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether/CH2Cl2 as the 
eluent to provide 71 mg of the title product as a waxy 
solid. TLC: Rf « 0.65, 20% diethyl ether/CHjClj . 
(^H)-NMR (CDCI3) consistent with structure. 

25 C. Compound XXII (A « H, D' - isobutyl, E = 3,4- 

benzodioxole, hydrochloride salt) . A solution of 71 mg 
of the resultant compound of Example 176B in ethyl 
acetate was treated at -20 ®C with HCl gas. The HCl 
was bubbled through the mixture for 20 min over which 

30 time the tenqperature was allowed to warm to 20**C- 

Nitrogen was then bubbled through the mixture for 15 
min and solvent removed in vacuo to yield 66 mg of the 
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title product as a white solid which was used directly 
in subsequent reactions. 

D. Coir5)ound 176. A solution of 18 mg of the 
resultant coit5)ound of Example 176C In CHjCl^ was added, 
5 at ambient ten5)erature under an atmosphere of nitrogen, 
to a solution of 13 mg of the resultsint compound of 
Exanple 48A and 14 mg N,N-dilsopropylethylamine in 
CH^Cl^* The mixture was stirred for 16 h, diluted with 
CHjCl^, washed with saturated NaHC03 saturated NaCl, 

10 then dried over MgSO^i filtered, and concentrated 

in vacuo. The residue was purified by low pressure 
silica gel chromatography using 5% diethyl ether/CHjClj 
as the eluent to provide 9 mg of the title product as a 
white solid. TLC: Rf « 0.14, 5% diethyl ether/CH^Clj . 

15 HPLC: Rt = 15.52 mln;" (^H) -NMR (CDClj) consistent with 
structure. 

Example 177 

A. (4-Methoxyphenyl) -methyl-4-nitrophenyl carbonate. 
To a solution of 1.50 g of p-nitrophenyl chlorof ormate 

20 in 30 mL of CH2CI2 at 0«C was added sequentially, 

0.77 mL of 4*methoxybenzyl alcohol euid 0.82 mL of 4- 
methyl morpholine. After stirring for a half hour at 
ambient tenqperature, the resulting mixture was diluted 
with CHgClg* washed with water, brine, dried over 

25 magnesium sulfate, filtered and concentrated in vacuo 
to yield a pale yellow solid which was triturated with 
CH2Cl2/hexane and filtered to yield 1.51 g of the title 
concqpound. TLC: Rf 0.40, 20% EtOAc/hexane. 

B. Compound 177. To a solution of 96.7 mg of the 
30 resultant compoxind of Example 14 lA in 2 mL of CH2CI2 

was added sequentially, 90 piL of diisopropylethylamine 
and 81.3 mg of the resultant compound of Exaxiple 178A. 
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After stixrrlng for 24 hours, the mixture was diluted 
with CH2Cl2# washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by preparative thin layer 
5 chromatography using 5% methanol in CH2CI2 eluent to 
yield 104.8 mg of the title confound. TLC: Rf « 0*4, 
20% BtOAc/hexane, HPLC: Rt « 17.66 min, (^H)NMR (CDCI3) 
consistent with structure. 

Bxamplg J,79 

10 A. (3-Methoxyphenyl) -methyl-4-nitrophenyl carbonate. 
Prepared by the same route as described for Example 
177A, except 3 -methoxybenzyl alcohol was utilized for 
reaction with p-nitrophenyl chlorof ormate to yield the 
title confound as a pale yellow solid. TLC: Rf « 0.40, 

15 20% BtOAc/hexane. 

B. Compound 178. To a solution of 97. a mg of the 
resultant compound of Bxaxcple 141A in 2 mL of CH2CI2 
was added sequentially, 91 pL of disopropylethylamine 
and 82.2 mg of the resultant coznpound of Bxanple 178A. 

20 After stirring for 24 hours, the mixture was diluted 
with CH2CI2, washed with water and brine, dried over 
magnesium sulfate, filtered cuad concentrated in vacuo. 
The residue was purified by preparative thin layer 
chromatography using 5% methanol in CH2CI2 eluent to 

25 yield 25.7 mg of the title compound. TLC: Rf = 0.4, 

20% EtOAc/hexane, HPLC: Rt = 17.75 min. (^H)NMR (CDCI3) 
consistent with structure. 

Pxampl? 179 

A. (2-Methoxyphenyl) -methyl-4-nitrophenyl carbonate. 
30 Prepared by the same route as described for Bxample 

177A, except 2-methoxybenzyl alcohol was utilized for 
reaction with p-nitrophenyl chlorof ormate to yield the 
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title coxnpound as a pale yellow solid. TLC: Rf - 0.40, 
20% EtOAc/hexane. 

B. Compound 179. To a solution of 97.8 mg of the 
resultant confound of Example 141A in 2 mL of CH2CI2 
5 was added sequentially, 99 fih of diisoprophylethylamine 
and 89.2 mg of the resultant compoiind of Example 179A. 
After stirring for 24 hours the mixture was diluted 
with CH2CI2, washed with water and brine, dried over 
magnesitim sulfate, filtered smd concentrated in vacuo. 
10 The residue was purified by preparative thin layer 
chromatography using 5% methanol in CH2CI2 eluent to 
yield 107.0 mg of the title compound. TLC: Rf « 0.4, 
20% BtOAc/hexane, HPLC: Rt » 17.58 min. (^H)MMR 
(CDCI3) consistent with structure. 

15 Example 180 

A. 2,3 -Dihydrobenzof uran- 5 - sulf onyl chloride • To . 
3.35 g of dimethyl formami de , at O^C \mder an atmosphere 
of nitrogen, added 6.18 g of sulfuryl chloride. The 
mixture was stirred 15 min and treated with 4.69 g of 

20 2,3-dihydrobenzofureui. fhe mixture was then heated at 
lOO^C for 1.5 h, cooled to about 40 ®C, poured onto 
ice, extracted with CH^Cl^f dried over MgSO^, filtered, 
and concentrated in vacuo. The residue was taken up in 
ethyl acetate, cooled to 5 ^C for 16 h, cuid the 

25 resultant pink crystals collected by vacuum filtration 
to provide 6 . 12 g of the title product . TLC : Rf = 
0.41, 10% ethyl acetate in hexane. ("^H) -NMR (CDClg) 
consistent with structure. 

B. Confound 180. A solution of 32 mg of the 
30 resultant compound of Exas^le 140D in 4:1 

CH2Cl2/saturated aqueous NaHCOg was treated 
sequentially, at ambient temperature under an 
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atxnosphere of nitrogen, with 22 mg of the resultant 
conpoxind of Exanqdle 180A and 18 mg of sodiiim 
bicarbonate. The mixture was stirred 14 h, diluted 
with CHjCl^, washed with saturated NaCl then dried over 
5 MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/CHjClj as eluent 
to provide 20 mg of the title product as a white solid. 
TLC: Rf - 0.52, 20% diethyl ether/CH^Clj . HPLC: Rt « 
10 15.49 min (^H) -NMR (CaDClj) consistent with structure. 

Compound 181. A solution of the resultant compound of 
Example 140D (150 mg, 0.4 mmol) in CH2CI2 (10 mL) was 
added a saturated solution of sodium bicarbonate (5 mL) 

15 . followed by solid sodium bicarbonate (0.1 g, i. 2, mmol) 
and 4-cyanobenzensulfonyl chloride (0.1 g, 0.48 mmol). 
The mixture was stirred at ambient temperature for 4 
hours. The solution was diluted with 200 mL CH2CI2, 
the organics separated, dried over anhydrous MgS04, and 

20 the organics concentrated under reduced pressure. The 
crude product was purified via medium pressure liquid 
chromatography using CH2CI2, followed by 1:99 
methanol/CH2Cl2 solution as the solvent system to give 
0.19 g (86% yield) of the title conqpound as a white 

25 solid. TLC: Rf = 0.40, 3:97 methanol 7(312^2' ^P^C: Rt 
= 15.02 min, (^H)-NMR (CDCI3) consistent with 
structure. 

Example 182 

Compound 182. This compound was prepared from the 
30 resultant compound of Exan5)le 114D and the resultant 

compound of Example 48A in the same manner described in 
Exait5)le 88. After workup and purification by 
preparative reversed -phase C^g HPLC using a linear 
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gradient o£ 35% to 100% CHgCN/HjO with 0.1% TFA as 
eluant, 32.8 mg of the title compound was obtained. 
TLC: Rf - 0.25, 4% MeOH/CHjClj. HPLC: Rt - 16.06 min; 
(^H)NMR (Ca3Cl3) consistent with structure. 

5 B?<:CT?.g ^93 

Conqpoimd 183. This coxnpoxmd was prepared from the 
resultemt compound of Example 84 by treatment with 
hydrogen chloride gas and subsequent reaction with the 
resulteuit conqpound of Example 48A in the manner 
10 described in Example 132 • After worlcup euxd 

purification by crystallization from BtOAc, 33.0 mg of 
the title conqpound was obtained as a white solid; TLC: 
Rf « 0.25, 4% MeOH/CHjClj. HPLC: Rt « 17.71 min; (^H)- 
NMR (CDCL3) consistent with structure. 

15 Example 184 

A. (N-tert-butoxycarbonyl) - (R) -3-pyrrolidinyl-N- 
hydroxysucclnlmldyl carbonate. To a solution of 1.0 g 
of (R) -3-hydroxypyrrolidine in tetrcOiydrofuran (50 mL) 
was added sequentially, at ambient temperature, 3.75 g 

20 of dl-tert- butyl dlcarboante cuid 1 mL of 2N sodium 
hydroxide. The mixture was stirred for 1 hour, 
filtered and concentrated in vacuo. The resultsuit 
compound was reacted with N,N-dlsucclnimidyl carbonate 
in the manner described in Example 15 5A. Workup amd 

25 purification by thick layer silica gel chromatography 
using an EtOAc eluent yielded the title con?)o\ind as a 
white solid; (^H)-NMR (CDCI3) consistent with 
structure. 

B. Coirpotind 184. A solution of 350 mg of the 

30 resultant compound of Exaiiple 166A was deprotected with 
hydrogen chloride gas and the resultant compound was 
reacted with the resultant compound of Example 184A in 
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the manner described in Example 88. After 
concentration of the mixture in vacuo cuad workup, the 
residue was purified by thick layer silica gel 
chromatography using 7% MeOH/CH2Cl2 as eluant, to 
5 obtain 120 mg of the title compoiind. TLC: Rf « 0.45, 
5% MeOH/CK2Cl2- HPLC: Rt « 16.97 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Compound 185. A solution of 120 mg of the 
10 resultant compound of Example 184B in EtOAc (25 mL) at 
O^C was treated with anhydrous hydrogen chloride gas 
for 10 min., and allowed to steuid for 12 h while 
warming to ambient texqperature . Concentration in vacuo 
yielded 110 mg of the title con5>ound. TLC: Rf = 0.35, 
15 10% MeOH/89% CH2Cl2/l% NH4OH. HPLC: Rt = 13.72 min; 
(^H)-NMR (CDCI3) consistent with structure. 

E?tW»pil-g 3p9g 

A. Compoxmd ZXX ( (syn, anti) -OH, A » carbobenzyloxy, 
r3 - (s) -sec -butyl, R^' o h, D' - benzyl. A' « tert- 

20 butoxycarbonyl) . A solution of 1.37 g of the resulteuit 
conqpound of Example IB in 150 mL of methylene chloride 
was treated with 1.03 of Cbz-Ile, 523 mg of H0BT-H20, 
and 742 mg of EDC. The mixture was stirred for 18 h, 
then diluted with 3 vp.liJiiLes of diethyl ether and washed 

25 sec[uentially with water, saturated NaHC03 solution, 10% 
KHSO4 solution, and brine. After drying over MgSO^ and 
concentrating in vacuo, the residue was purified by 
chromatography on a silica gel coltunn using a gradient 
of 1% to 1.5% MeOH in CH2CI2 as eluant to yield 2.10 g 

30 of the title conpound as a white foam. TLC: Rf » 0.51, 
5% methanol/CH2Cl2. 
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B. Compound XXX ( (syn, anti) -OH, A = carbobenzyloxy, 
r3 « (S) -sec-butyl, R^' - H, D' » benzyl. A' = H) , 
hydroctaorlde salt. A solution of 650 mg of the 
resultant compound of Exasiple 12A in 12 niL of ethyl 

5 acetate was cooled in an ice/water bath and treated 
with a slow stream of HCl gas for approximately 6 min 
with vigorous stirring. The mixture was capped and 
stirred for an additional 10 min, then purged with a 
stream of nitrogen for 15 minutes and concentrated 

10 in vacuo to yield a white solid which was used without 
subsequent purificaticm. TLC: Rf = 0.18, 95:5:0.5 
CH2Cl2/nethanol /concentrated NH4OH. 

C. Caiq>ound 186. A solution of 20 mg of the 
resultant contpotind of Bxasqple 186B in 0.8 mL of 

15 methylene chloride was cooled in ice/methanol 

(approximately 15»C) , then treated with 13 .8 {iL of DIEA 
followed by 7.6 mg of a- toluene sulfonyl chloride. The 
mixture was stirred for 15 h, warming slowly to ambient 
tenperature. The mixture was concentrated to a small 

20 volume, applied to a 0.5 mm thick prep plate and eluted 
with 3.5% MeOH/CH2Cl2- ^® containing the desired 

diastereomer was isolated and eluted with 8% 
MeOH/CH2Cl2 to yield 4.8 mg of the title con5)ound. 
TLC: Rf - 0.42, 15% diethyl ether/CH2Cl2. HPLC: Rt = 

25 17.81 min. NMR (CDCI3) : 0.78 (dd, 6H) 0.84 (m, IH) 
1.07, (m, IH) 1.76-1.86 (m, 2H) 2.72 (m, 2H) ; - 
3.14 (S, 2H) ; 3.49 (dd, IH) ; 3.87 (dd, IH) ; 
3.58 (m, IH); 4.01 (d, IH) ; 4.14, (d, IH) ; 4.26, 
(d, IH); 4.35, (d, IH); 4.90, (m, IH) ; 5.08, (s, 2H) ; 

30 5.97, (d, IH), 7.08, (d. 2H) ; 717, (t, IH) ; 7.20-7.40, 
(m, 17fl). 
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Conqpound 187. 100 mg of the resulting 
CQXipound 54A %»s treated with 1 znL of 90% aqueous TFA 
and allowed to stand for 12 h. The mixture was 
5 concentrated in vacuo and the residue taken up in 10 xnL 
of dry CH^Cl^, treated with 65 mg of N-Osz-L-isoleucine 
(0.235 znmol) , 50 /iL of DIEA (0.27 mmoles) , 30 mg of 
HOBt (0.22 mmoles) / and 42 of l-(3- 
dimethylaminopropyl) •3-ethylcarbodiimide hydrochloride 

10 (0.22 mmoles) . The mixture was stirred for 3 h, then 
diluted with in CH^Cl^ and washed sequentially with 
water, saturated NaHC03 solution, and brine. After 
drying over MgSO^ and concentrating in vacuo, the 
mixture was purified by chromatography on a silica gel 

15 column using 5% CH3OH in CH^Cl^ as eluent to yield the 
title compound, a portion which was purified by 
preparative reversed-phase C^^ HPLC using a linear 
gradient of 35% to 100% CHgCM/H^O with 0.1% TFA for 
elution to obtain 36.0 mg 99.0% pure conqpound. TLC: Rf 

20 , « 0.25, 5% CH3OH in CH^Cl^. HPLC: Rt » 16.45 min; 
(^H}-KMR (CDCl^) consistent with structure. 

Example 188 

Compound 188. A solution of 51 mg of the 
resulting compound of Example 187A in 15 mL of methanol 

25 was hydrogenated under a slight positive pressure of 

hydrogen in the presence of 10 mg of 10% Pd(0H)2 for 14 
h. After filtering and concentrating in vacuo, the 
carude mixture was taken up into 10 mL CH^Cl^ and treated 
with 0.203 mL of DIEA and 19.0 mg of 2-Gniinbxaloyl 

30 chloride. The mixture was stirred for 6 h, then 
diluted with CH2CI2 and washed with water. After 
dryuing over MgSO^ and concentrating in vacuo, a 
portion of the mixture was purified by preparative 
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reversed-phase C^g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with b.1% TPA for elution to obtain 
2.1 mg of the title compound. TLC: Rf » 0.25, 6% 
CSigCN/HjO with 0.1% TFA for elution to obtain 2.1 mg of 
5 the title compound. TLC: Rf » 0.25, 6% CH3OH in CH^Clj. 
HPLC: Rt - 16.21 min; (^) -»MR (CDCI3) consistent with 
structure. 

^^mvX9 199 

A. Compound XXII (D» - isobutyl, A - H, E « 4- 

10 acetamidophenyl , trifluoroacetate salt). To a solution 
of 89.3 mg. (0.167 mmol) of the resultant compound of 
Exanqple 39B in CH^Cl^ (1 ML) at 0« to S'* C was added 
trifluoromethanesulfonic acid (1 mL) . After stirring 
for 0.5 h the resultant mixture was concentrated 

15 in vacuo and the resulting yellow gum used without 
subsecpxent purification. 

B. Compound 189. A solution of the resultant 
con5)Ound of Exanple 189A (0.167 mmol) in CH^Clj was 
treated sequentially, at ambient tenqperature under an 

20 atmosphere of nitrogen, with 44.2 mg (0.217 mmol) of N- 
Boc-a-aminoisobutyric acid, 0.044 mL (0.251 mmol) 
diisopropylethylamine, 27.1 mg (0.201 mmol) of 1- 
hydroxybenzotriazole hydrate, 38.5 mg (0.201 mmol) 1- 
( 3 - dimethylaminopropyl ) - 3 - ethylcarbodiimide 

25 hydrochloride. The mixture was stirred for 16 h and 
then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with water, 0.5 N 
hydrochloric acid, washed with sodium bicarbonate, 
saturated brine, dried over magnesium sulfate, filtered 

30 and concentrated in vacuo. The residue was purified by 
low pressure silica gel column chromatography using a 
10% to 35% gradient of ethyl acetate/ CHjClj eluent to 
yield 69.3 mg of the title product as a white solid. 
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TLC: Rf = 0*46, 60% ethyl acetate/CIIjClj, HPLC: Rt 
15.0 min; (^H) -NMR (CDCI3) consistent with structure. 

B3cample 190 

A. Conqpound XXXI (A « R^ = methyl, R^' » methyl, D' 
5 B isobutyl, E « 4-acetamidophenyl, hydrochloride salt) . 

To a solution of 60.1 mg of the resultant compoimd of 
Exasqple 189B in CH2CI2 (1 mL) at 0^ to 5^C was added 
trif luoromethanesulf onic acid (l mL) . After stirring 
for 0.75 h, the resultant mixture was concentrated 
10 in vacuo and the resulting white solid used directly 
for subsequent reaction. 

B. Coofipoxmd 190. To a solution of 37 mg (0.059 mmol) 
of the resultcmt compound of Exanple 19 OA in CH2CI2 

(3 mL) was added sequentially, at ambient ten^erature 
15 xinder an atmosphere of nitrogen, with 15.4 mg 

(0.089 mmol) of 1-hydroxybenzotriazole hydrate, cuid 
17.8 mg (0.089 mmol) EDC. The mixture was stirred for 
16 h and then concentrated in vacuo. The residue was 
taken up in EtOAc smd washed with saturated brine, 
20 dried over magnesium sulfate, filtered and concentrated 
in vacuo. The residue was purified by thin layer 
silica gel column chromatography using 50% of EtOAc in 
CH2CI2 cLS eluent to yield 32.5 mg of the title product. 
TLC: Rf o 0.35, 50% EtOAc/CH2Cl2, HPLC: Rt 15.65 min; 
25 (^H)-MMR (CDCI3} consistent with structure. 

E?ffimtplg 191 

A. (28, 3RS) -S-Amino-l-chloro-2-hydroxy-4- 
phenylbuteuae) . A solution of 2.24 g (6.71 mmol) of 
(IS, 2RS) -N- (l-benzyl-3-chloro-2-hydroxypropyl) - 
30 benzyl oxycarbonylamine in 5 mL of methanol was added, 
at ambient temperature xuider a nitrogen atmosphere, to 
a slurry of 0.22 g (10% by weight) of 10% palladium on 
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carbon in 60 siL methanol and hydrogenerated for 24 
under a slight positive pressure of hydrogen. The 
mixture was filtered cuxd concentrated in vacuo to yield 
1.34 g of the mixed diastereomeric products. TLC: Rf ■= 
0.33, 10% CaiaOH/CHjClj. 

B. (2S) -2-Ben2yloxycarbonylamino-N^ - ( (IS, 2RS) -1- 
benzyl - 3 • chloro- 2 - hydroxypropyl ) -N^ - tri tyl succinamide . 
A solution of 1.34 g (6.71 mmol) of the resultant 
CQoqpounds of Example 191A in 60 mL of dichlorqmethane 
was treated sequentially, at ambient temperature under 
an atmosphere of nitrogen, with 3.58 g (7.05 mmol) of 
Cbz-N* -trityl-asparagine, 0.95 g (7.0i5 mmol) of 
1-hydroxybenzotriazole hydrate, 1.35 g (7.05 mmol) of 
EDC. The mixture was stirred for 24 hours and then 
concentrated in vacuo. The residue was taken up in 
ethyl acetate and washed with water, saturated NaHCOg, 
saturated NaCl; dried over MgS04; filtered and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel colximn chromatography using 10% 
ethyl acetate/dichloromethane as eluent to yield 3 • 08 g 
total of the mixed diastereomeric products. TLC: Rf « 
0.75, 0.83, 40% EtOAc/CHjClj; (^H)-NMR (CDCI3) 
consistent with structure. 

C . ( 2S ) - 2 - Amino-N^ - ( ( IS , 2RS ) - 1 -benzyl - 3 - chloro- 2 - 
hydroxypropyl) -N^-trityl succinamide. A solution of 
2.80 g (4.06 mmol) of the resultant conpoxinds of 
Exan?)le 19 IB in 5 mL of methanol was added, at ambient 
tenqperature under a nitrogen atmosphere, to a slurry of 
0.28 g (10% by weight) of 10% palladium on carbon in 
100 mL methanol and hydrogenated for 24 h under a 
slight positive pressure of hydrogen. The mixture was 
filtered and concentrated in vacuo to yield 2.26 g of 
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the mixed distereomeric products. TLC: Rf = 0.42, 10% 
CH30H/CH2C^2* 

D. (2S)-2-((lS, 2RS) -l-Benzyl-3-chloro-2- 
hydroxypropyl) -N^ • ( (quinoline-2-carbonyl) -amino) - 
5 trityl succinamide. A solution of 2.26 g (4.06 mmol) 
of the resultant conqpotinds of Example 191C in 60 mL of 
dichlorome thane was treated sequentially, at ambient 
tenperature under an atmosphere of nitrogen, with 0.74 
g (4.27 mmol) of guinaldic acid, 0.58 g (4.27 mmol) of 

10 l-hydroxybenzotriazole hydrate, and 0.82 g (4.27 mmol) 
of BDC. After 24 hours, 30 mL of dichloromethane was 
added. The mixture was washed with water, 5% NaHCOg 
solution, saturated NaCl, dried over MgS04, filtered 
smd concentrated in vacuo. The residue was dissolved 

15 in 50% ethyl acetate/hexane and filtered through a plug 
of silica gel. Removal of the solvents yielded 2.30 g 
of the mixed diastereomeric products. TLC: Rf » 0.53, 
0.58, 40% EtOAc/CHjClj; (^H)-IJMR {CDCI3) consistent with 
structure. 

20 E. (2S) -2- ( (1S,2RS) -l-Benzyl-2-hydro3Qr-3-iodopropyl) - 
- ( (quinoline-2-carbonyl) -amino) -N^-trityl 
succinamide. A solution of 1.05 g (1.48 mmol) of the 
resulteuit compoxmds of Exait5)le 19 ID suid 0.36 g 
(2.37 mmol) of sodium iodide in 15 mL of methyl ethyl 

25 ketone was heated to reflux for 24 hours. The mixture 
was cooled to room temperature and then concentrated 
in vacuo. The residue was taken up in dichloromethcuie 
and washed with water, saturated NaCl, dried over 
MgS04, filtered and concentrated in vacuo to yield 

30 1.3 g of the mixed diastereomeric products. TLC: Rf - 
0.58, 0.65, 40% EtOAc/CHjClj; (^H) -NMR (CDCI3) 
consistent with structure. 
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P, (2S)-2-((lS, 2 syn, anti)-3-(2- 
methylpropyl) amino- 1 -benzyl -2 -hydroxypropylj -N^- 
{ {guinoline-2-carbonyl) -amino) -N^-trityl succinamide . 
A solution of 207.6 mg (0.26 mmol) of the resultant 
5 compounds of Exan?)le 191E smd 0.5 mL (5.17 mmol) of 

isobutylamine in 9 mL of acetonitrile in a sealed tube 
was heated to reflux for 24 hours. After cooling to 
room texiperature, the mixture was concentrated 
in vacuo. The residue was taken up in dichloromethane 
10 and washed with water, saturated NaCl, dried over 
MgS04, filtered and concentrated in vacuo to yield 

209.2 mg of the mixed diastereomeric products. TLC: Rf 
« 0.11, 10% CHgOH/CHjClj; {^H)-NMR (CDCI3) consistent 
with structure. 

15 G. Compound XIV ( (syn, anti)-OH, A = quinoline-2- 
carbonyl, D» « isobutyl) . A solution of 192.9 mg 
(0.26 mmol) of the resultant compounds of Exanple ISIF 
and 0.07 mL (0.388 mmol) of diisopropylethylamine in 
5 mL of dichloromethane was treated with 112.9 

20 (0.517 mtnol) of di-tert- butyldi carbonate. After 

24 hours, the mixture wa& diluted with dichloromethane. 
The mixture vrashed with water, 5% NaHCOg, 0.5 N HCl, 
saturated NaCl, dried over MgS04, filtered and 
concentrated in vacuo. The residue was purified by low 

25 pressure silica gel column chromatography using 40% 
ethyl acetate/dichloromethane as eluent to yield 

147.3 mg of the mixed diastereomeric products. TLC: 
Rf « 0.60, 0.67, 40% EtOAc/CH2Cl2; (^H) -NMR {CDCI3) 
consistent with structure. 

30 H. Compounds 191. A solution of 147.3 mg 

(0.174 mmol) of the resultant compounds of Exairple 191G 
in 2 mL of dichloromethane was treated with 2 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
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concentrated in vacuo. TLC: Rf = 0.11, 10% 
CH30H/CH2C12- To a solution of the resultant coir?)ound 
in 2 inL of dichloromethane was sequentially added 
0.5 mL of saturated NaHC03, small amount of solid 
5 NaHC03 and 67 mg (0.226 mmol) of a mixture of 4- 
acetamido-3-f luorobenzenesulphonyl chloride and 3- 
acetamido-4-fluorobenzenesulphonyi chloride. After 
3 hours, the mixture was diluted with dichloromethane. 
The two layers were separated and the aqueous layer was 

10 extracted once with dichloromethane. The combined 

organic layer was washed with saturated NaCl then dried 
over l^SO^, filtered and concentrated in vacuo. The 
residue was purified by low pressure silica gel column 
chromatography using 2% methouiol /dichloromethane was 

15 eluent to yield 64 mg of the mixed diastereomers and 
regioisomers which were further purified with 
preparative HPLC to yield 18.9 mg of the mixed 
regioisomers comprising, compounds, 191 as a white solid. 
TLC: Rf = 0.14, 5% CH3OH/CH2CI2; HPLC, Rt » 13.36 min; 

20 (^H)-NMR (CDCI3) consistent with structure. 

Example 193 

Con^sound 193. A solution of 81.2 mg 
(0.096 mmol) of the resultant lower Rf diastereomer of 
Example 9/192A in 3 mL of dichloromethane was treated 

25 with 3 mL of trif luoroacetic acid. After 4 hours, the 
mixture was concentrated in vacuo. TLC: Rf « 0.11, 10% 
CH3OH/CH2CI2. To a solution of 20.6 mg (0.0431 mmol) of 
the resultant residue in l mL of dichloromethane was 
sequentially added 0.3 mL of saturated NaHC03, small 

30 amount of solid NaHC03 and 12.4 mg (0.053 mmol) of 4- 

acetamidobenzenesulphonyl chloride. After 3 hours, the 
mixture was diluted with dichloromethane. The two 
layers were separated and the aqueous layer was 
extracted once with dichloromethane. The combined 
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organic layer was washed with brine then dried over 
MgS04, filtered cind concentrated in vacuo. The residue 
was purified by preparative HPLC to yield 8.3 mg of the 
title conpound as a white solid; TLC: Rf « 0.10, 5% 
5 CH3OH/CH2CI2; HPLC, Rt = 12.7 min; (^H)-NMR (CDClg) 
consistent with structure. 

Compound 194. To a solution of 13.0 ing 
(0.026 mmol) of the trifluoroacetlc acid deprotection 

10 product described In Example 193 in 1 mL of 

dichloromethane was sequentially added 0 . 3 mL of 
saturated NaHC03, small amoxint of solid NaHC03 
8.4 mg (0.033 mmol) of 5- (isoxa2ol-3-yl) thiophene-2- 
sulphonyl chloride. After 3 hours, the mixture was 

15 diluted with dichloromethane. The two layers were 

separated and the aqueous layer was extracted once with 
dichloromethane. The combined organic layer was washed 
with brine then dried over MgSO^, filtered and 
concentrated in vacuo. The residue was purified by 

20 preparative HPLC to yield 5.1 mg of the title product 

as a white solid? TLC: Rf « 0.27, 5% CH3OH/CH2CI2; HPLC, 
Rt « 14.4 min; (^H)-NMR (CDCI3) consistent with 
structure. 

Example 195 

25 A. Compound XXII (A« (S) - 3 - tetrahydrof uryl , 

D'=cyclopentylmethyl, A' = tert-butoxycarbonyl) . To a 
solution of 264 mg of the resultant compound of Exasqple 
140D in 10 mL of CH2CI2 was added 0.14 mL of 
disopropylethylamine and 175 mg of di-tert 

30 butylpyrocarbonate . After stirring for 4 hours, the 
mixture was diluted with 50 mL of CH2Cl2# washed with 
0.5N of HCl and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield 364 mg of 
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the title compound as a white solid which was used 
without stibseguent purification. TLC: R£ « 0.58| 40% 
EtOAc/CHjClj. 

B. A solution of 334 mg of the resultant compound of 
5 Exainple 195A in 5 roL of ethanol was hydrogenated under 

30 psi of hydrogen in the presence of 80 mg of platinvun 
(IV) oxide for 24 hours. The mixture was filtered and 
concentrated. The residue was purified by a low 
pressure silica gel column chromatography using 20% 
10 EtOAc in ai2^^2 to yield 268 mg of the title 

compound. TLC: Rf « 0.55, 40% EtOAc/CHgClj. (^H) -NMR 
(CDCI3) consistent with structure. 

C. A solution of 268 mg of the resultant compound of 
Exanple 195B in 10 mL of EtOAc was treated with 

15 cmhydrous HCl gas for 5 min. The reaction mixture was 
sparged with nitrogen then concentrated in vacuo and 
the resulting white solid used without subsequent 
purification for subsequent reaction. 

D. Compoimd 195. To a solution of 233 mg of the 
20 crude resultant conqpound of Example 195C in 10 roL of 

CH2CI2 was added 2 mL of saturated aqueous sodi\jm 
bicarbonate and 149 mg of 4-methyloxybenzene sulfohyl 
chloride. After 3 hours, the resulting mixture was 
diluted with CH2CI2, washed with sodium bicarbonate, 

25 brine, dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by low 
pressure silica gel coliomn chromatography using 0% to 
20% EtOAc/CH2Cl2 to yield 225 mg of the title confound 
as a white solid. TLC: Rf = 0.40, 20% EtOAc/CH2Cl2; 

30 HPLC: Rt « 15.65 min.: (^H)NMR (CDCI31 consistent with 
Structure . 
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Example 196 

A. (1S,2S) -N- (l-Isobutyl-3-chloro-2- 
hydroxypropyDbenzyloxycarbonylaitiine. To a solution of 
N^Cbz-leucine chloromethyl ketone (2.0g) in 20 mL of 

5 methanol was added, at 0®C, 1,0 g of sodium borohydride 
and the mixture was stirred at ambient tenqperature for 
24 h. The solution was concentrated tinder reduced 
pressure and the residue partitioned between 20 mL of 
saturated aqueous NH^Cl and 500 ml of diethyl ether. 
10 The organic fraction was separated, diried over MgSO^ 
and concentrated in vacuo and the residue purified by 
"^silica gel chromatography to yield 1.8 g of white 
solid. 

B. (IS) -1-1 (S) (Carbobenzyloxy)amino-2-isobutyl- 

15 oxirane* To a solution of the resultant compound of 
Example 196A (BOOmg) in absolute ethanol was added 67 
mg of powdered KOH. The mixture was stirred for 3 h at 
ambient temperature, filtered through diatomaceous 
earth, euid concentrated in vacuo. The residue was 

20 dissolved in diethyl ether, dried over MgSO^, and 

concentrated to yield 230 mg of colorless oil, which 
was used directly for subsequent reaction. 

C. (2R, 3S) -ir-Carbobenzyloxy-N^-isobutyl-l, B-diamino- 
2-hydroxy-5-methylhexsme. A 230 mg portion of the 

25 resultant compound of example 196B was suspended in 

5 mL of isobutylamine and the mixture stirred overnight 
at ambient temperature. The mixture was concentrated 
in vacuo to yield the title product as 179 mg of a 
white solid, which was used directly for subsequent 

30 reaction. 

D. Coir5)ound I {A « tert-butoxycarbonyl, x « 0,D = 
isobutyl, E « 4-methoxyphenyl, (s) -hydroxy) . Following 



wo 94/05639 



PCr/US93/08458 



- 256 - 

the procedure described in Example 81, a solution of 
the resultant coii5)o\ind of exaitqple 196C (170ing) in CHjClj 
was reacted with 4-methoxybenzenxulfoyl chloride (150 
mg) in the presence of aqueous NaHCOg. Workup and 
5 silica gel chromatography yielded 90 mg of product as a 
white solid. 

B. Coir5>ound I (A»H, x«0, D«isobutyl, E » 4- 
methoxyphenyl, (S) -hydroxy) . A solution of the 
resultant compoxnid of Example 19 6D (90 mg) in ethemol 

10 was treated with 50 mg of 10% palladiimi on carbon and 
the mixture stirred under an atmosphere of hydrogen. 
After completion of reaction, the mixture was filtered 
and concentrated in vacuo to yield 60 mg of the title 
compound which was used directly for subsequent 

15 reaction. 

F. Compound 196. Reaction of the resultant compound 
of Example 196E (60mg) in CH^Cl^ was reacted with the 
resultant product of example 48A (150 mg) as described 
earlier yielded, following aqueous workup, drying over 
20 MgSO^, filtering, and concentration in vacuo, a residue 
which was purified by silica gel chromatography using 
methanol /CHjCL^ as eluant to yield the title product as 
40 mg of white solid, [^h] -NMBKCDClj) consistent with 
structure. 

25 . Example 3-97 

We measured the inhibition constants of the 
compounds listed in Table VII against HIV- 1 protease 
using the above -cited method of Peniiinot on et al. 

We also measured the ant i -viral potency of 
30 the compotinds in CCRM-CEM cells by the above -cited 

method of Meek et al. In the Tables below, Kj and ICqq 
values are expressed in nM. 
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In Table Vlil, the following classifications 
have been employed: 

A: inhibits HIV replication at concentration of 

100 nM or less. 
B: inhibits HIV replication at concentration of 

between lOl and 1,000 nM. 
C: inhibits HIV replication at a concentration 

of between 1,001 and 10^000 nM. 
D: inhibits HIV replication ait a concentration 

of between 10,001 and 40,000 nM. 
ND: not tested. 



wo 94/05639 



PCr/US93/08458 



- 258 



Compound K[ValU9 



Compound £|yilufi 



Compound Kpa!li§ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



1 


4.0 


55 


430 


109 


6.0 


2 


2.0 


56 


60 


110 


28 


3 


32 


57 


200 






4 


19 


58 


34 


111 


0.3 


5 


2.0 


59 


206 


112 


4.0 


6 


3.0 


60 


4.0 


113 


3.0 


7 


8.0 






114 


0.35 


8 


850 


61 


4.0 


115 


0.5 


9 


4.0 


62 


72 


116 


<0.1 


10 


4.0 


63 


7.0 


117 


0.26 






64 


3.0 


118 


<0.1 


11 


34 


65 


0.7 


119 


1.8 


12 


0.1 


66 


0.4 


120 


11 


13 


0.2 


67 


7,400 






14 


0.1 


68 


120 


121 


2.0 


15 


<0.1 


69 


42 


122 


1.2 


16 


<0.1 


70 


25 


123 


10 


17 


<0.1 






124 


1.1 


18 


<0.1 


71 


470 


125 


0.3 


19 


<0.1 


72 


4000 


126 


310 


20 


0.1 


73 


140 


127 


650 






74 


11 


128 


>5000 


21 


0.7 


75 


290 


129 


19 


22 


1.0 


76 


ND 


130 


If 


23 


1.5 - 


77 


ND 






24 


32,500 


78 


ND 


131 


60 


25 


3,000 


79 


ND 


132 


6.0 


26 


0.1 


80 


ND 


' 133 


24 


27 


8.0 






134 


8.4 


28 


17 


81 


2.3 


135 


2.7 


29 


17 


82 


1.5 


136 


18 


30 


61 


83 


ND 


137 


26 






84 


1.4 


138 


1.4 


31 


ND 


85 


4.0 


139 


1.2 


32 


2.5 


86 


5.0 


140 


<0.1 


33 


80 


87 


10 






34 


17 


88 


1.4 


141 


0.1 


35 


4.0 


89 


2.0 


•142 


<0.1 


36 


19 


90 


93 


143 


<0.1 


37 


0.1 






144 


8.0 


38 


1.5 


91 


2.5 


145 


1.4 


39 


17 


92 


20 


146 


2.0 


40 


1,1.00 


93 


0.8 


147 


1.6 


94 


1.7 


148 


0.2 


41 


220 


95 


1.3 


149 


1.7 


42 


46 


96 


8.0 


150 


6.0 


43 


4,200 


97 


2.5 






44 


5.0 


98 


0.5 


151 


0.8 


45 


6.0 


99 


0.24 


152 


2.5 


46 


154 


100 


0.16 


153 


0.2 


47 


4.0 






154 


0.5 


48 


1.4 


101 


250 


155 


1.7 


49 


9.0 


102 


33 


156 


2.8 


50 


11 


103 


4.5 


157 


0.7 




104 


5.5 


158 


<0.1 


51 


ND 


105 


7.5 


159 


0.2 


52 


0.4 


106 


1.4 


160 


1.0 


53 


27 


107 


1.4 




20 


54 


22 


108 


2.0 


161 
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TABLE VII (eont'd^ 
PompQMnd JCjVilus £finiSiU{Od KpalUS Compound £jyalUfi 





162 


0.5 




163 


0.5 




164 


130 




165 


0.4 


5 


166 


<0.1 




167 


0.45 




168 


0.6 




169 


<0.1 




170 


0.2 


10 


171 


0.2 




172 


21 




173 


0.6 






1 A 




175 


0.1 


15 


176 


<0.1 




177 


<0.1 




178 


0.1 




179 


0.4 




180 


<0.1 


20 


181 


0.3 




182 


0.2 




183 


0.1 




184 


5.0 




185 


3.5 


25 


186 


140 




187 


0.3 




188 


11.5 




189 


5.500 




190 


ND 


30 


idi. 


33 




192 


67 




193 


400 




194 


350 




195 


0.2 


35 


196 


ND 
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£fi!SQfiuad ICgoJaoflS CsfflBsund ICgoJaoas 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



1 


C 


55 


ND 


2 


B 


56 


ND 


3 


C 


57 


ND 


4 


C 


58 


ND 


5 


B 


59 


ND 


6 


B 


60 


C 


7 


D 






8 


ND 


61 


C 


9 


B 


62 


ND 


10 


B 


63 


C 


11 


ND 


64 


C 


12 


A 


65 


C 


13 


A 


66 


B 


14 


A 


67 


ND 


15 


A 


68 


ND 


16 


B 


69 


ND 


17 


B 


70 


ND 


18 


B 






19 


B 


71 


ND 


20 


A 


72 


ND 


21 


A 


73 


ND 


22 


B 


74 


ND 


23 


B 


75 


ND 


24 


ND 


76 


ND 


25 


ND 


77 


ND 


26 


B 


78 


ND 


27 


C 


79 


ND 


28 


NO 


80 


ND 


29 


C 






30 


ND 


81 


C 


31 


ND 


82 


C 


32 


C 


83 


ND 


33 


ND 


84 


C 


34 


ND 


85 


c 


35 


B 


86 


B 


36 


ND 


87 


C 


37 


' B 


88 


B 


38 


C 


89 


C 


39 


C 


90 


ND 


40 


ND 


91 


B 


41 


ND 


92 


ND 


42 


ND 


93 


B 


43 


ND 


94 


B 


44 


B 


95 


C 


45 


C 


96 


ND 


46 


ND 


97 


B 


47 


C 


98 


B 


48 


■ B 


99 


B 


49 


C 


100 


A 


50 


C 


101 


ND 


51 


c 


102 


ND 


52 


B 


103 


C 


53 


ND 


104 


C 


54 


C 


105 


ND 




106 
107 

Ida 


ooo 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



109 


B 


163 


B 


110 


ND 


164 


ND 






165 


B 


111 


C 


166 


A 


112 


B 


167 


B 


113 


B 


168 


A 


114 


B 


169 


A 


115 


B 


170 


B 


116 


A 






117 


c 


171 


A 


118 


B 


172 


ND 


119 


c 


173 


A 


120 


ND 


174 


ND 






i7«i 

1 rO 


A 

M 


121 


c 


17R 


ND 


122 


c 


177 
Iff 


ND 


123 


ND 


17ft 

I/O 


ND 


124 


D 


179 


ND 


125 


B 


ISO 

1 Ow 


ND 


126 

1 4bW 


ND 








i On 
loi 


ND 


1 9fl 


Kin 




B 


199 


VitJ 


1 o*a 
loo 


D 






1 o*f 


IMU 


131 

1 w I 




1 OD 


Kin 


ND 


1 Aft 

1 oD 


■ Km 
IMU 


132 

■ W A 


ND 


1 Of 


p 
P 


133 

1 WW 


ND 


1 Aft 




134 


ND 


189 


ND 


135 


C 


190 


ND 


136 


ND 






137 


ND 


IQl 


p 
v# 


138 


B 


1Q9 




139 


B 


1 WW 


Nn 


140 


A 


IQd 


ND 






1 WW 


A 

r\ 


141 


R 

o 


IQA 


Mn 


142 


A 






143 


A 






144 


B 






145 


B 






146 


D 

o 






147 


B 






148 


A 






149 


B 






150 


B. 






151 


C 






152 


ND 






153 


ND 






154 


ND 






155 


B 






156 


B 






157 


B 






158 


A 






159 


B 






160 


A 






161 


ND 






162 


C 
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As demonstrated in Tables VII and VIII, all 
of the coirqpounds tested displayed inhibitory and anti- 
viral activity. Moreover, several of these compounds 
exhibited activity levels far greater than those of 
5 known HIV protease inhibitors. 

While we have described a number of 
embodiments of this invention, it is apparent that our 
basic constructions may be altered to provide other 
enibodiments which utilize the products and processes of 
10 this invention. Therefore, it will be appreciated that 
the scope of this invention is to be defined by the 
appended claims, rather theui by the specific 
enibodiments which have been presented by way of 
example. 
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CLAIMS 

We claim: 

1. A coopound of foxnula I: 
? 

A— (BJjrljl--CH-HJH-CH2-fl-S0j-€ (j) 
H OH 0' 

wherein: 

A is selected from the group consisting of H; 
Het; -R^'-Het; -R^-q-Cj alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroacjr, Cj^-c^ alkoxy, Het, -O- 
Het, -NR*-C0-N(r2) (r2) and -CO-N(R*) (R^) ; and -R^-C,-C- 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
hydroxy, q-C^ alkoxy, Het, -0-Het, -NR^-CO-NCR^) (R^) 
and -CO-N(R^) (R^) ; 

each R^ is independently selected from the 
group consisting of -C(0)-, -SiO)^-, -C(0)-C{0)-: -O- 
C(0)-, -0-S(0)2, -NR^-SCO)^-, -Nr2.C(0). and -NR^-C(O)- 
C(0)-; 

each Het is independently selected from the 
group consisting of cycloalkyl; Cg-C^ 

cydoalkenyl; C^-C^^ aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more, 
heteroatoms selected from N, N(R^), o, S and S(0) / 
wherein said heterocycle may optionally be benzofused; 
and wherein any member of said Het may be optionally 
substituted with one or more substituents selected from 
the group consisting of 0x0, -OR^, -R^, •N(R^) (R^) , 
-R^-OH, -CN, -COjR^, -C(0)-N(r2) (r2)^ -S (0) (R^) (R^) , 
-N(r2).C{0)-R2, -C(0).R^ .S(0)^-r2, .0CF3, -S(0)^-Ar, 
methyl enedioxy, -NCR^) -S (0) 3 (R^) , halo, -CF3, -NOj, Ar 
and -0-Ar; 
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each Is independently selected from the 
group consisting of H and C^-C^ alkyl optionally 
substituted with Ar; 

B, when present, is -N(R^) •C(R^) (R^) -C{0) - ; 

X is 0 or 1; 

each R^ is independently selected from the 
group consisting of H, Het, C^^-Cg alkyl, C^-Cg alkenyl, 
^3 '^6 cycloalkyl and Cg-C^ cycloalkenyl , wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^, -C(0)-NH-R^, -8(0)^^- 
N(R^) (R^)/ Het, -CN, -SR^, -CO^R^, NR^-C(0)-R^; 

each n is independently 1 or 2; 

D and D' are independently selected from the 
group consisting of Ar; C^^-C^ alkyl, which may be 
optionally substituted with one or more groups selected 
from C3-Cg cycloalkyl, -ORj, -R^, -0-Ar iand Ar; C^-C^ 
alkenyl, which may be optionally siibstituted with one 
or more groups selected from the group consisting of 
Cg-Cg cycloalkyl, -OR^, -R^, -0-Ar and Ar; Cj-Cg 
cycloalkyl, which may be optionally substituted with or 
fused with Ar; and C^-Cg cycloalkenyl, which may be 
optionally substituted with or fused with Ar; 

each Ar is independently selected from the 
group consisting of phenyl; 3-6 membered carbocyclic 
ring and 5-6 membered heterocyclic ring containing one 
or more heteroatoms selected from O, N, S, S(0)^ and 
N(R^) , wherein said carbocyclic or heterocyclic ring 
may be saturated or unsaturated emd optionally 
siibstituted with one or more groups selected from the 
group consisting of oxo, -OR^, -R^, -N(R^)(R^), -N(R^)- 
C(0)-R^, -R^-OH, -CN, -COjR^, -C (O) -N(R^) (R^) , halo and 
-CP3; 
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B is selected from the group consisting of 
Het; 0-Het; Het-Het; -NrV; q-Cg allcyl, which 

may be pptionally substituted with one or more groups 
selected from the group consisting of R* and Het; C,-C- 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
and Het; Cj-C^ saturated carbocycle, which may 
optionally be substituted with one or more groups 
selected from the group consisting of R* and Het; and 
Cg-Cg xinsaturated carbocycle, which may optionally be 
substituted with one or more groups selected from the 
group consisting of R* and Het; and 

each R* is independently selected from the 
group consisting of -OR^, -C(0) -NHR^, -S (O^-NHR^ halo, 
-NR^-C(0)-R^ and -Of.. 

2, The conpound according to claim 1, 
wherein said coii?)oiuad has the structure of f onmila 
XXII: 




(XXII) 



wherein A, D' and E are defined as in claim 1. 
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3. The confound according to claim 1, 
wherein said contpound has the structure of formula 
XXIZI: 




(XXZII) 



wherein x, Het, R'', D* and E are defined as 
In claim 1. 

4. The conpoiind according to claim i, 
wherein said conpound has the structure of formula 
XXXI: 




(XXXI) 



wherein A, R'', D' and E are defined as in 

claim 1 . 

5, A compound of forxmila I, wherein: 

A is selected from the group consisting of H; 
-R^-Het; -R^-Cj^-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, C^^-C^ alkoxy, Het and -O- 
Het; £uid *R'''-C2-Cg alkenyl, which may be optionally 
substituted with one or more groups selected from 
hydroxy, ^--C- alkoxy, Het and -O-Het; 
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each is independently selected £rom the 
group consisting of -C(0)-, -SCO)^-, -C(0)-C(0)-, 
-0-C0-, -0-S(0)2- and -NR^-SCO)^-; 

each Het is independently selected from the 
group consisting of cycloalkyl; Cg-C^ 

cycloalkenyl ; C^-Cj^q 5-7 mexnbered saturated or 

xinsaturated heterocycle, containing one or more 
heteroatoms selected from N, 0 and S, which may 
optionally be benzofused; wherein any member of said 
Het may be optionally siibstituted with one or more 
substituents selected from the group consisting of 0x0, 
-OR^, -R^, -N(R^)2, -R^-OH, -CN, -CO^R^, -C(0) -N(R^) ^ and 
-S(0)2-N(R^)2; 

each R^ is independently selected from the 
group consisting of H and C^'C^ alkyl; 

B, when present, is -NH-CH(R^) -C(0) 

X is 0 or 1; 

R^ is selected from the group consisting of 
Het I Cj^-Cg alkyl, C^-Cg alkenyl, Cg-Cg cycloalkyl and 
Cg-Cg cycloalkenyl, wherein any member of said R^ may be 
optionaQly substituted wi*th one or znore siibstituents 
selected from the group consisting of -OR^, -C(0)-NH- 
R^, -S(0)j^-N(R^)2, Het and -CM; 

n is 1 or 2; 

D and D» are independently selected from the 
group consisting of Ar; C^^-C^ alkyl, which may be 
optionally substituted with Cg-Cg cycloalkyl or Ar; Cj- 

alkenyl, which may be optionally substituted with C3- 
Cg cycloalkyl or Ar; Cj-Cg cycloallcyl, which may be 
optionally substituted or fused with Ar; and C^-Cg 
cycloalkenyl , which may be optionally substituted or 
fused with Ar; with the proviso that when D is attached 
to N, D may not be methyl or alkenyl; 
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Ar is selected from the group consisting of 
phenyl; 3-6 membered carbocyclic ring and 5-6 membered 
heterocyclic ring containing one or more heteroatoms 
selected from 0, N cOid wherein said carbocyclic or 
heterocyclic ring may be saturated or unsaturated and 
optionally substituted with one or more groups selected 
from the group consisting of oxo, -OR^, -R^, -NCR^)^, - 
N(R^) -C{0)R^, -R^-OH/ -Cai, -CO^R^, -C (0) -N(R^) halo 
and -CP3; 

B is selected from the group consisting of 
Het; -0-R^; -NR^R*; Cj^-C^ alkyl, which may be optionally 
substituted with one or more R* or Het; C^-Cg alkenyl, 
which may be optionally substituted with one or more R^ 
or Het; C^-C^ saturated carbocyde, which may optionally 
be substituted with one or more R^ or Het; amd C^-C^ 
imsaturated carbocycle, which may optionally be 
substituted with one or more R^ or Het; 

each R^ is independently selected from the 
group consisting of -OR^, -C(0)-NHR^, -SCOj-NHR^, halo 
and -CN; and 

each is independently selected from the 
group consisting of H and R^, with the proviso that at 
least one R^ is not H. 

6* The coiipound according to claim 2, 

wherein: 

A is R^ -Het; and 

D* is selected from the group consisting of 
C^-C3 allcyl and C3 alkenyl, wherein said alkyl or 
alkenyl may optionally be substituted with one or more 
groups selected from the group consisting of C^^C^ 
cydoalkyl, -OR^, -0-Ar and Ar. 
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7. The compound according to claim 3, 

wherein: 

R'' is selected from the group consisting of 
C,-Cg alkyl, Cj-Cg alkenyl, Cg-Cg cycloalkyl, Cg-Cg 
cycloalkenyl and a 5-6 membered saturated or 
unsaturated heterocycle, wherein any member of said 
may optionally be stabstituted with one or more 
substituents selected from the group consisting of - 
Or2, -C(0)-NH-r2, .S(0)^N(R^) (R^)^, Het, -CN, -SR^, - 
CtOjR^, Nr2-C(0)-R^; and 

D* is selected from the group consisting of 
C1-C3 alkyl and C3 alkenyl, wherein said alkyl or 
alfcenyl may optionally be substituted with one or more 
groups selected from the group consisting of Cg-Cg 
cycloalkyl, -OR^, -0-Ar and Ar. 

8. The confound according to claim 4, 

wherein: 

A is R^-Het; 

each R^ is independently C^-Cg alkyl, which 
may be optionally sxibstituted with a substituent 
selected from the group consisting of -OR^, -C(0)-NH-R^, 
-S(0)^N{R^)2, Het, -CN, -SR^, -COjR^, -NR^-C (0) -R^; and 

D' is C^-C^ alkyl, which may be optionally 
substituted with a group selected from the group 
consisting of Cj-Cg cycloalkyl, -OR^, -0-Ar and Ar; and 

E is selected from the group consisting of 
Het, Het-Het and -NR^R^. 

9. A compound selected from the group 
consisting of : 

(S) -N-l- (3- ( (3-AcetylaminG-4-fluoro- 
benzenesulf onyl) -benzyl -amino) - (IS, 2 syn) - 1 -benzyl -2 - 
hydroxy -propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide and (S) -N-l- (3- { (4-Acetylamino-3-fluoro- 
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behzenesulfonyl) -benzyl -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (confounds 2) ; 

IS) -N-1- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
sulfonyl) -benzyl -amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(coiitpound 5) ; 

(S) -N-1- (l-Benzyl-3- (benzyl- (5-isoxazol-3-yl- 
thiophene-2-sulfonyl) -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy-propyl) -2- ( (quinoline-2^carbonyl) -amino) - 
succinamide (compound 6) ; 

(S) -N-1- (3- ( (Benzo (1,2, 5) oxadiazoie- 4 -sulfonyl) - 
benzyl-amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) -2- 
( (quinoline-2-carbonyl) -amino) -succinamide (compound 

9) ? 

N-1- (1- (S) -Benzyl-3- (benzyl- (3-sulfamoyl- 
benzenesulf onyl) -amino) -2- (syn) -hydroxy -propyl) -2- 
( ( guinol ine - 2 - carbonyl ) - amino ) .- succinamide ( compound 

10) ; 

(S) -N-1- (1- (S) -Benzyl-2- (syn) -hydroxyl-3- 
(isobutyl- (5-pyridin-2-yl-thiophene-2-sulfonyl) -amino) - 
propyl) -2- { (quinoline-2-carbonyl) -amino) -succinamide 
(conpound 12) ; 

(S) -N-1- (3- ( (4-Benzenesulfonyl-thiophene-2- 
sulfonyl) -isobutyl -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- ( (quinoline- 2 -carbonyl) -amino) - 
succinamide (compound 13) ; 

(S) -N-1- (1- (S) -Benzyl-3- ( {4-fluoro- 
benzenesulfonyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline- 2 -carbonyl) -amino) -succinamide 
(compound 14) ; 

(S) -N-1- (3- ( (4-Acetylamino-3-fluoro- 
benzenesulfonyl) -isobutyl -amino) - (IS, 2 syn) -1-benzyl- 
2 -hydroxy -propyl) -2- ( (quinoline- 2 -carbonyl) -amino) - 
succinamide (coitqpound 15); 
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(S) -N-1- (3- { (3-Acetylamino-4-fluoro- 
benzenesulfonyl) -isobutyl- amino) - (IS, 2 syn) -1-benzyl- 
2 -hydroxy -propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conqpound 16) ; 

(S) -N-1- (1- (S) -Benzyl -3- ( (4-acetylamino- 
benzenesul f onyl ) - isobuty 1 - amino ) - 2 - ( syn) - hydroxy- 
propyl) -2- ( (guinoline-2-carbonyl) -amino) -succinamide 
(compound 17); 

(S) -N-1- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
sulfonyl) -isobutyl -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conqpound 18) ; 

(S) -N-l- (3- ( (3-Acetylamino-benzenesulfohyl) - 
isobutyl -amino) - (IS, 2 syn) -l-ben2yl-2-hydroxy-prppyl) - 
2 - ( ( quinol ine - 2 - carbony 1 ) - amino ) - succinamide ( conpotmd 

19) ; 

(S) -N-l- (3- { {Benzo(l,2,5)oxadiazole-4-sulfonyl) - 
isobutyl -amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) - 
2- ( (guinoline-2-carbonyl) -amino) -succinamide (conpound 

20) ; 

N-l- ( (lS-2 syn) -l-Benzyl-2-hydroxy-3- (1-isobutyl- 
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2- 
carbonyl) -amino) -succinaxhide (coxnpound 21); 

N-l- (3- ( (4-Acetylamino-benzenesulfonyl) -isobutyl- 
amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) -2- 
(pyridin- 2 - yl -methoxycarbonyl ) - succinamide ( coit5)ound 

22) ; 

N-l- (3- ( (4-Acetylamino-benzenesulfonyl) - isobutyl - 
amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) -2- 
(pyridin- 4 - yl -methoxycarbonyl ) - succinamide ( compound 

23) ; 

N- 1 - ( 3 - ( ( 4 - Fluoro-benzenesulf onyl ) - isobutyl - 
amino) - (IS, 2 syn) -l-benzyl-2 -hydroxy- propyl) -2- 
(pyridin- 2 -yl -methoxycarbonyl ) - succinamide ( compound 
26) ; 
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4-Pluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran- 3 -yloxycarbonylandno) -butyl ) -N- 
Isobutyl-benzenesulfonaznide (compound 35) ; 

3,4-Dichloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
Isobutyl-benzenesulfonamlde (con^oiind 37); 

N-(4-(((2 syn,3S) -2-Hydroxy-4-phenyl-3- (pyridin- 
3-yl-niethoxycarbonylainino) -butyl) -isobutyl-sulfainoyl) - 
phenyl) -ace tamide (caoipound 44) ; 

2,4-Dimethyl-thiazole-5-sulfonic acid- (1,1- 
dimethy 1 - ethoxy carbony lamino ) - ( 2 eyn , 3 S ) - 2 - hydroxy- 4 - 
phenyl - butyl ) - isobutyl - amide ( confound 46); 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrediydrofurcm- 3 -yloxycarbonylandno) -butyl) - isobutyl - 
sulfamoyl) -phenyl) -acetainide (compound 48) ; 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide and 4-Fluoro-N- ( (2 syn,3S)- 
2-hydroxy-4-phenyl-3- ( (R) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -N- isobutyl - 
beiizenesulfonamide (confounds 52); 

Benzo (1,2 1 5) oxadiazole-5- sulfonic acid ((2 
syn, 3S ) - 2 -hydroxy- 4 -phenyl - 3 - (pyridin- 3 -yl - 
methosgrcarbonylamino) -butyl) - isobutylamide (compound 
66); 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) - isobutyl - 
sulfamoyl -phenyl) -acetainide and N- (4- ( ( (2 syn,3S) -2- 
Hydroxy - 4 - phenyl - 3 - ( ( S ) - tet rahydrof uran - 3 - 
yloxycarbony lamino) -butyl) - isobutyl -sulfamoyl) -phenyl) - 
acetamide (compoxuids 86) ; 

N- (2-Fluoro-5- ( ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) - 
isobutyl -sulfamoyl) -phenyl) -acetamide (compound 88) ; 
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N-{3-(((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)- 
tetrcQiydrofuran-3-ylo:<ycarbonylamino) -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (con5)oxxnd 91) ; 

4-Pluoro-N- ( (2 syn,3S)-2-hydroxy-4-phenyl-3-{(R)- 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compound 93) ; 

N- (4- { ( (syn) -2-Hydroxy- (S) -4-phenyl-3- 
( (tetrahydro-furan- (R) -3-yl) -oxycarbonylamino) -butyl) - 
isobutyl-sulfamoyl) -phenyl) -acetamide (compound 94) ; 

4-Pluoro-H- (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (tetrahydro-furan- (R) -3-ylmethoxycarbonylamino) - 
butyl) -N-lsobutyl-benzenesulfonamide and 4-Fluoro-N^ (2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (tetrahydro-furan- (S) -3- 
ylmethoxycarbonylamino) -butyl) -N-isobutyl- 
benzenesulf onamlde (compounds 97) ; 

4-Fluoro-N- ( (2 syn, 3S) -2-hydroxy-4-phenyl-3- 
(pyridin- 3 -yl -methoxycarbonylamino) -butyl ) -N- isobutyl - 
benzenesulfonamide (compound 98) ; 

4-Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran- 3 -yloa^carbonylamino) -butyl ) - isobutyl - 
benzenesulfonamide (compound 99); 

N-((2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetraaiydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-4-methoxy-benzenesulf onamide (compound 100) ; 

4-Fluoro-N- (2- (syn) -hydroxy-3- ( (2-oxazolidon- (S) - 
4 - yl ) - methoxycarbonylamino ) - 4 - ( S ) - phenyl - butyl ) - N- 
isobutyl -benzenesulfonamide (compound 109); 

Benzene -1, 3- disulfonic acid 1-amide 3- ( (2 syn, 3S) - 
2-hydroxy-4-phenyl-3- (3- (S) - tetrahydrof uran- 3- 
yloxycarbonylamino ) - butyl ) - isobutyl - amide ( compound 
112); 

Furan- 3 -sulfonic acid (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
butyl ) - isobutyl - amide ( coicpound 113 ) ; 
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N- ( {3-Mlyloxycarbonylairiirio) - (2 syn,3S) -2-hydroxy- 
4 -phenyl -butyl) -N-cyclopentylmethyl-4-f luoro- 
benzenesulfonamide (compoxind 114) ; 

N-Cyclopentylmethyl-N- { (3-ethoxycarbonylamino) - (2 
syn/3S) -2-hydroxy-4-phenyl-butyl) •4-fluoro- 
benzenesulfonamide (confound 115); 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syii,3S)-2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
ylos^carbonylamino) -butyl) -benzenesulfonamide (compoxind 
116); 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2- 
hydroxy-4-phenyl-3- (pyridin-3yl-meth03q^carbonyl) - 
butyl) -benzenesulfonamide (compound 118); 

N- (4- (Cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -sulfamoyl) -phenyl) -acetamide (compound 125) ; 

3- Chloro-N- ( (2 syn,3S) -2-hydroxy-4 -phenyl -3 -( (S) - 
tetrahydrof uran-3 -yloxycarbonylamino) -butyl ) -N- 
isobutyl - benzenesul f onamide ( compound 138); 

4- Chloro-N-cyclopentylmethyl-N- (2- (syn) -hydroxy- 

3- ( (2-oxazolidon-4- (S) -yl -methyl) -oa^carbonylamino) -4- 
phenyl - butyl ) - benzenesulfonamide ( compound 139); 

N-cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) - 4 -methoxy-benzenesulf onamide (conpound 140) ; 

N- ( (3-allyloxycarbonylamino) - (2 syn,3S) -2-hydroxy- 

4 - phenyl -butyl ) -N- cyclopentylmethyl - 4 -methoxy- 
benzenesulf onamide (compound 141) ; 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino) -butyl - 
4-methoxy-benzenesulf onamide (coznpound 142); 

Pyridine- 3 -sulfonic acid ((2 syn,3S) -2-hydroxy-4- 
phenyI-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -isobutyl- amide, trif luoroacetic acid salt 
(compound 144) ; 
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5-l8oxazol-3*7l-thiophene*2-8ulfonic acid ((2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (S) -tetrahydrofurah-3- 

yloxycarbonylaxnino) -butyl) -isobutyl- amide (CGoqpouzid 
145); 

N- (4- ( (3- (Allyloxycarbonylamino) - (2 syn,3S)-2- 
hydroxy- 4 -phenyl -butyl) -cyclopentylmethylsulfamoyl) - 
phenyl) -acet amide (compound 146); 

N- (4- (Cyclopentylmethyl- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- (pyridin-3-yl-metho3c^carbonylamino) -butyl) - 
sulfamoyl) -phenyl) *acetamide (conpound 147); 

N-Cydopentylmethyl-N- ({2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-ylo3<ycarbonylamino) - 
butyl) -benzenesulfonamide (compound 148); 

Pyridine - 3 - sul f onic acid cyclopentylmethyl - ( ( 2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -amide (confound 149); 

Piperidine-1- sulfonic acid ((2 syn, 3S) -2-hydroxy- 
4-phenyl-3- ( (S) -tetrahydrofuran.-3-yloxycarbonylamino) - 
butyl) -isobutyl -amide (compound 150) ; 

N-4- ( (2- (syn) -Hydrbxy-3- ( (2-methoxymethyl- 
aliyloxycarbonylamino) -4- (S) -phenyl -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (conqpound 155) ; 

1 -Acetyl -2,3- dihydro - IH- indole - 6 - sulfonic acid 
( (allyloxycarbonylamino) - (2 syn,3S) - 2 -hydroxy -4 -phenyl - 
butyl) -cyclopentylmethyl -amide (compound 156); 

1 -Acetyl -2 , 3 -dihydro- IH- indole- 6 -sulfonic acid 
cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) -amide 
(compound 157) ; 

N- Cyclohexylmethyl -N- ( ( 2 syn, 3S ) - 2 - hydroxy- 4 - 
phenyl-3- ( (S) -tetrahydrofurcm-3-ylo3cycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (cozitpoiind 158); 

N- Cyclohexylmethyl -4 -fluoro-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
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yloxycarbonylamino) -butyl) -benzfeneaulfonamide (compound 
159); 

N- (4- (Cyclohexylmethyl) - ( (2 syn,3S) -2-hydro^^-4- 
pheny^-3- ( (S) -tetrcdiydrofursai- 3 -yloxycarbonylamino) - 
butyl) -sulfamoy 1- phenyl) -ace tamide (compoxind 160); 

N- ((2 syn,3S) -2-Hydroxy-4-phenyl-3- (pyridin-4-yl- 
methoxycarbonylamino) -butyl) -N-isobutyl-4-methoxy- 
benzenesulfonamide (coxrqpoomd 163) ; 

N-{(2 8yn,3S) -2-Hydro37-4-phenyl-3- ( (syn) - 
teti^ydrof uran- 3 -yloxycarbonylamino) -butyl) -N- 
isobutyl- 4 -methyl -benzenesulfonamide (compound 165) ; 

N-cyclopentylmethyl-4-hydroxy-N- ( (2 syn,3S)-2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl) -benzenesulfonamide (compound 166) ; 

N- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof urcin- 3 - yloxycarbonylamino) -butyl ) -N- 
isobutyl-4-nitro-ben2enesulfonamide (compoxind 167) ; 

.. 4-Amino-N- ( (2 syn/3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulfonamide (compound 168) ; 

N-Cyclppentylmethyl-4-hydroxy-N- ( (2 syn^3S) -2- 
hydroxy-4-phenyl-3^ ( (S) - tetrahydrofuran- 3 - 
yloxycarbonylamino) -butyl) ^benzenesulfonamide (compound 
169); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -4-nitro-benezensulfonamide (compound 170) ; 

4-Amino-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy - 4 - phenyl - 3 - ( ( S ) - tetrahydrofuran - 3 - 
yloxycarbonylamino ) - butyl ) - benzenesul f onamide ( compound 
171); 

2,4-Diamino-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) - tetrahydrofuran- 3 - 
yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
173); 
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4-Hydroxy-N-(2 syn,3S)-2-hydroxy«4-phenyl-3-( (S)- 
tetrahydrof uran-3 -y loxy carbony lamino ) -butyl ) -N- 
isobutyl-^benzenesulfonamide (compound 175); 

N-Cyclopentyliaethyl-4-f luoro-N- ( (2 syn, 3S) -2- 
5 hydroxy-4-phenyl-3-((S)-tetrahydrofuran-3- 

y loxycarbony lamlno ) *buty 1 ) «*benzene6Ul£onamide ( compound 

182) ; 

3 f 4-Dichloro-N-cyclopentylmethyl-N-- ( (2 syn, 3S) -2- 
hydroxy-4 -pheny 1-3 - ( ( S) -tetrahydrof uran-3 - 
10 yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 

183) ; 

Benzyloxycarbonyl- (L) -isoleucine-N- (5- ( (3-amino- 
(2 syn,3S)-2-hydroxy-4-phenyl-butyl)-isobutyl- 
sulfamoyl)-2-fluoro-phenyl)-acetamide (compound 187); 
15 and 

N-((2 syn,3S)-4-Cyclohexyl--2-hydroxy-3-((S)- 
tetrahydrof uran-3 -yloxycarbonylamino ) -butyl ) -N- 
cyclopentylmethyl-4-methoxy-benzenesul£onamide 
(compound 195) • 

20 10, The compound according to claim 9, said 

compound being selected from the group consisting of: 

( S) -N- 1- ( 1- ( S ) -Benzy 1-2 -( syn) -hydroxy 1-3 - 
(isobutyl-(5-pyridin-2-yl-thiophene-2-sulf onyl) -amino) - 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 

25 (compound 12); 

(S) -N-l-(l- (S) -Benzyl-3-( (4-f luoro- 
benzenesulf onyl) -isobutyl-amlno) -2- ( syn) -hydro3^- 
propyl) -2- ( (guinoline-2-carbonyl) -amino) -succinamide 
(compound 14) ; 

30 (S)-N-l-(3-( (4-Acetylamino-3-fluoro- 

benzenesulf onyl) -isobutyl-amino) - ( IS , 2 syn) -1-benzyl- 
2 -hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (compound 15) ; 
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(S) -N-1- (3- ( (Ben20(l,2,5)oxadia2ole-4-sulfonyl) - 
isobutyl -amino) - (IS, 2 syxi) -l-ben2yl-2-hydroxy-propyl) - 
2- { {quinoline-2-carbonyl) -amino) -succinamide (conqpoxind 
20); 

N-1- ( (lS-2 syn) -l-Ben2yl-2-hydroxy-3- (1-isobutyl- 
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2- 
carbonyl ) - amino) - succinamide ( coxiqpotind 21); 

N-(4-(((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)- 
tetrcOxydrofuran-S-yloxyca^bonylamino) -butyl) -isobutyl- 
sulf amoyl) -phenyl) -acetamide (conqpound 48) ; 

N- ( (2 syn,3S) -2-Hydrbxy-4-phenyl-3- ( (S) - 
tetrahydrof urah- 3 -yloxycarbonylamino) -butyl ) -N- 
isobutyl-4-methoxy-ben2enesulf onamide (compound 100) ; 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy-4 -phenyl -3- { (S) - tetrahydrof uran- 3- 
yloxycarbonylamino) -butyl) -benzenesulf onamide (compound 
116) ; 

N- Cyclopentylmethyl -N- ( (2 syn , 3S ) - 2 - hydroxy- 4 - 
phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -4 -methoxy-benzenesulf onamide (compound 140); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino) -butyl- 
4-methoxy-benzenesul£onamide (compound 142) ; 

N-Cyclopentylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -benzenesulf onamide (compound 148); 

N-Cyclohexylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl ) - 4 -methoxy- benzenesulf onamide { compound 158); 

N- (4- (Cyclohexylmethyl) - ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -sulfampyl- phenyl) -acetamide (compound 160) ; 

N-cyclopentylmethyl-4-hydroxy-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl) -benzenesulf onamide (compound 166); 
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4-Amino-N- ( (2 syn, 3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran-3 -y loxycarbonylamino) -butyl) -N- 
isobutyl^benzenesulfonamide (compound 168); 

4 -Amino-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 S ) -2 - 
5 hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3- 

yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
171); 

2 , 4-Diamino-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-^3- 
10 y loxy carbony lamino ) -butyl ) -benzenesulf onamide ( compound 
173); 

4-Hydroxy-N-(2 syn,3S)-2-hydroxy-4-phenyl-3-( (S)- 
tetrahydrof uran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide (compound 175) ; and 
15 N-{(2 syn,3S)-4-Cyclohexyl-2-hydroxy-3-((S)-r 

tetrahydr of uran-3 -yloxycarbony lamino ) -butyl ) -N- 
cyclopentylmethy 1-4 -methoxy-benzenesulf onamide 
(compound 195). 

11. The compound according to claim 1, 

20 wherein said compound has a molecular weight less than 
or equal to about 700 g/mol. 

12. A compound according to claim 11, 
wherein said compound has a molecular weight less than 
or equal to about 600 g/mol. 

25 13. A compound having the following 

structural and physicochemical characteristics: 

(1) a first and a second hydrogen bond 
acceptor moiety, at least one of which is more highly 
polarizable than a carbony 1, said moieties being the 

30 same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
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molecule of an HIV aspartyl protease when the conqpound 
is boiind thereto; 

(2) substantially hydrophobic moieties which 
associate with the P^^ and P^^' binding pockets of said 
HIV aspartyl protease when the compound is bound 
thereto; 

(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or acceptor, 
capable of simultaneously hydrogen bonding to Asp25 and 
Asp25* of said HIV aspartyl protease when the compoxind 
is bouzid thereto; 

(4) an additional occupied voltune of space 
of at least 100 i? when the compound is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volxune of space that would be 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
compound to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and 

(6) a neutral or favorable enthalpic 
contribution from the sum of all electrostatic 
interactions between the compound and the protease when 
the compound is bo\md to said HIV aspartyl protease. 

14. The conqpound according to claim 13, said 
compound having the structure of formula XL: 

Z^-Q^-L^-M-L^-Q^-Z^ (XL) 

wherein: 

q'' and are independently hydrogen bond 
acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an HIV aspartyl 
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protease, with the proviso that at least one of or 
Is more highly polarlzable than a carbonyl; 

M is a hydrogen bonding moiety, which may be 
either a hydrogen bond donor or acceptor, capable of 
simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspartyl protease; 

and are independently acyclic or cyclic 
linker moieties; and 

each of and may be optionally present 
cuid, if present, are independently selected tram groups 
which occupy a voliime of space overlapping with the 
volume of space that would be filled by the native 
substrate of said HIV aspartyl protease. 

15. The coznpound according to claim 14, 
wherein at least one of or is a substituted 
sulfonamide. _ 

16. A pharmaceutical composition effective 
against viral infection comprising a pharmaceutically 
effective amount of a coznpound according to any one of 
claims 1*4 euid 13*14 and a pharmaceutically acceptable 
carrier, adjuvant or vehicle. 

17. The pharmaceutical con^osition according 
to claim 16, further comprising an additional auiti- 
viral agent. 

^ 18. The use of a coii?)o\ind according to any 

one of claims 1-4 and 13-14 as a therapeutic agent 
against viral infection, said virus requiring an 
aspartyl protease for an obligatory life cycle event. 

19. The use according to claim 18, wherein 
said virus is HIV-1, HIV- 2, or HTLV. 
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20. The use of a compound according to any 
one of claims 1-4 and 13-14, for inhibiting enzymatic 
activity in an aspartyl protease. 

21. The use according to claim 20, wherein 
said aspartyl protease is HIV protease. 

22. A method for preventing HIV infection in 
a mammal conprising the step of administering to said 
mammal a pharmaceutically effective amount of a 
pharmaceutical composition according to claim 16 or 17. 

23 . A method for treating HIV infection in a 
mammal comprising the step of adininistering to said 
mammal a pharmaceutically effective amount of a 
pharmaceutical con5>osition according to claim 16 or 17. 

24. The method according to claim 22 or 23, 
wherein said step of administering con^jrises oral 
administration or administration by injection. 

25. A method for identification, design, or 
prediction of an HIV protease inhibitor comprising the 
steps of: 

(a) selecting a candidate compound of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety, at least one of 
which is more highly polarizable than a carbonyl, said 
moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 
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(b) determining a low-energy 
conformation for binding of said coxnpound to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 
HIV aspartyl protease when said coxnpoimd is boiind 
thereto in said conformation; 

(d) evaluating the capability of said 
substcuitially hydrophobic moieties to associate with 
the and P^^' binding pockets of said HIV aspartyl 
protease when said compoxmd is bound thereto in said 
conformation; - 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
Asp25 cuid Asp25' of said HIV aspartyl protease when 
said confound is bound thereto in said conformation; 

(f) evaluating the overlap of the 
occupied voliune of said compound when said conqpound is 
bound to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 
stLbstrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HTV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said coxtipotuid to said HIV aspartyl 
protease; 

(h) evaluating the enthalpic 
contribution of the sum of all electrostatic 
interactions between said compound and said HIV 
aspartyl protease when said compound is bound thereto 
in said conformation; and 

(i) accepting or rejecting said 
candidate conpoxind as an HIV protease inhbitor based 



wo 94/05639 



PCr/US93/08458 



- 284 - 

upon the determinations and evaluations carried out in 
steps (b) through (h) . 

26. An HIV protease inhibitor identified, 
designed or predicted by the method according to claim 
25. 

21. The HIV protease inhibitor according to 
claim 26, wherein said inhibitor has the structure of 
formula XL: 

Z^-Q^-L^-M-L^-Q^-Z^ (XL) 

wherein: 

and are independently hydrogen bond 
acceptor moieties capable of binding with the hydrogen 
atoms of the flap wjater molecule of an HIV aspartyl 
protease, with the proviso that at least one of or 
is more highly polarizable than a carbbnyl; 

M is a hydrogen bonding moiety, which may be 
either a hydrogen bond donor or acceptor, capable of 
simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspartyl protease; 

L^ cuid L^ are independently acyclic or cyclic 
linker moieties; and 

each of and may be optionally present 
and, if present, are independently selected from groups 
which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
substrate of said HIV aspartyl protease. 
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